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PREFACE 


J 


^  No  attempt  has  been  made  in  this  book  to  enter  upon  the 
discussion  of  the  theory  of  railroad  curves.  It  is  assumed 
^  that  the  engineer  intrusted  with  the  design  or  staking  out  of 
I  tracks  and  the  student  w\\\  have  previously  acquired  this 
^     information.  '  ^  '    . 

The  purpose  of  the  boolg  is  to  present  in  a  practical  man-\ 
ner  those  track  problems  most  frequently  met  in  actual 
practice,  supplemented  by  time-saving  tables  in  connection  / 
therewith  and  other  tables  of  assistance  in  estimating.      ^^^-^" 

Doubtless  other  engineers  in  their  practice  have  developed 
and  made  use  of  some,  possibly  all,  of  the  formulsB  demon- 
strated herein.  However,  with  the  exception  of  problem  1 
and  problem  4,  the  author  has  never  seen  any  of  them  in 
print  or  use  prior  to  his  development  of  them. 

The  formula  are  based  on  the  actual  properties  of  the 
frog  and  split  switch.  Most  of  them  were  worked  out  in 
the  field  and  have  therefore  been  tested  in  actual  practice 
and  have  been  found  to  give  results  which,  when  expressed 
in  "hubs"  on  the  ground,  are  capable  of  being  followed  by 
track  foremen  to  obtain  track  connections  that  fit  without 
"fudging." 

The  necessity  of  considering  the  frog  and  switch  rail 
straight  is  readily  apparent  in  calculating  switch  leads.  The 
necessity  of  working  from  the  heel  of  the  frog  is  quite  as 
apparent  in  crowded  yard  and  terminal  work,  where  it  is  de- 
sired to  use  the  maximum  permissible  degree  of  curve  tangent 
to  the  heel  of  the  frog,  and  wherever  economy  of  space  is  of 
the  essence  of  the  work. 

Where  the  degree  of  the  curve*  tangent  to  the  heel  of  the 
frog  is  light,  the  curve  long,  and  where  there  is  latitude  in 
the  location  of  the  frog,  the  above  consideration  is  not  so 
essential. 

In  all  cases  to  Consider  the  frog  and  switch  rail  straight,  as 
they  are  made,  is  correct  and  as  convenient  (ox  e^'c^3^'a^AaT^  ^s^ 
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to  neglect  it.  Throughout  the  author  has  held  to  this  prin- 
ciple and|  after  developing  the  formulse  for  switch  leads,  has 
ceased  to  consider  the  leads  and  has  worked  from  the  heel  of 
the  frog,  giving  the  location  of  the  theoretical  point  of  frog 
referred  to  the  distance  measured  along  the  center  line  of 
the  principal  or  main  track  from  the  point  of  intersection 
with  the  center  line  of  the  track  with  which  the  connection  is 
to  be  made. 

The  author  believes  a  strict  adherence  to  the  principles 
involved,  if  not  to  the  formulse  themselves,  will  result  in 
better  track  work  than  some  to  be  found  on  almost  any  of 
the  railroads  of  the  country. 

The  author  wishes  to  acknowledge  here  his  indebtedness  to 
W.  P.  Cronican,  W.  G.  Nusz  and  C.  B.  Penick,  Assistant 
Engineers  with  the  Illinois  Central  Railroad,  for  assistance 
rendered  in  the  construction  of  sketches  for  illustration  and 
in  checking  the  computation  of  tables.  Of  others,  from  whom 
certain  tables  were  obtained,  special  mention  will  be  made 
later. 

SHELBY  S.  ROBERTS. 

Louisville,  Ky., 
March,  1910. 
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INTRODUCTION 


Definitions 


The  modern  turnout  is  a  combination  of  appliances  by 
means  of  which  the  transfer  or  passage  of  an  engine  car  or 
train  from  one  track  to  another  is  accomplished,  and  consists 
of  a  frog,  lead  rails,  switch  rails  with  the  mechanism  for 
operating  the  latter,  and  the  ties  upon  which  all  are  sup- 
ported. 

A  three-throw  switch  is  a  double .  turnout,  either  to  the 
same  or  opposite  sides  of  the  principal  or  main  track,  requir- 
ing three  frogs  and  two  sets  of  switch  rails  having  three 
positions. 

A  slip  switch  may  be  either  single  or  double  and  is  a  com- 
bination of  a  crossing  and  a  connecting  track  or  a  crossing 
and  two  connecting  tracks  where  the  angle  of  the  crossing  is 
equal  to  the  frog  angle. 

A  connecting  track  is  a  combination  of  two  turnouts  and 
the  track  between  the  heels  of  the  frogs,  by  means  of  which 
is  accomplished  the  transfer  or  passage  of  an  engine,  car 
or  train  from  one  track  to  another  crossing  or  intersecting 
track,  or  from  one  track  to  another  parallel  or  concentric 
track  remote  from  it. 

A  crossover  is  a  combination  of  two  turnouts  by  means  of 
which  is  accomplished  the  transfer  or  passage  of  an  engine, 
car  or  train  from  one  track  to  another  not  remotely  distant 
parallel  or  concentric  track. 

A  wye  is  a  combination  of  three  turnouts  and  two  con- 
necting tracks,  which,  with  the  principal  or  main  track,  re- 
semble the  letter  Y  with  the  top  closed,  by  means  of  which 
an  engine,  car  or  train  may  be  turned. 

Yard  Design 

After  the  location  for  a  yard  has  been  selected  and  after 
its  size  and  type  have  been  determined  from  a  careful  and 
thorough  study  of  present  and  possible  ivilwi^  Xx^SS^r,  «ss.^ 

•  •  • 
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operation  conditioDS)  the  actual  detailed  design  by  the  en- 
gineer begins.  He  then  selects  and  arranges  in  series  various 
ones  of  the  combinations  particularly  defined  above  so  as 
to  obtain  the  desired  train  movements.  The  best  design  of 
any  yard  is  the  one  of  simplest  and  most  uniform  arrange- 
ment to  accomplish  the  desired  train  movements  within  a 
given  space  and  in  which  the  maximum  permissible  degree 
of  curvature  is  nowhere  exceeded.  To  accomplish  this  con- 
dition all  the  turnouts,  crossovers,  etc.,  must  be  properly 
located,  which  is  in  fact  a  statement  that  the  frogs  must  be 
properly  located.  The  location  of  the  frog  is  therefore  the 
key  to  practical  and  successful  track  designing. 
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CHAPTER  I 
Frogs  and  Split  Switches 

Properties  of  Frogs.  —  There  are  numerous  designs  of 
frogs  in  use,  among  which  are  stiff  or  rigid  frogs,  spring 
frogs,  double  spring  frogs,  swing  rail  frogs  and  movable 
point  frogs.  The  same  principle  holds  true  in  all  of  them. 
Therefore  the  rigid  frog,  which  is  the  simplest  form,  is  shown 
in  Fig.  1. 

The  ends  B  and  D  or  either  of  them  are  referred  to  as  the 
"heel."  The  ends  E  and  G  or  either  of  them  are  referred  to 
as  the  "toe."     AB  and  AD  are  the  "point  rails"  and  the 


^  H 
Fig.  1.  ^ 

intersection  of  the  gage  sides  of  the  point  rails  at  A,  is  the 
theoretical  "frog  point,"  which  is  referred  to  hereinafter  in 
all  cases  unless  otherwise  particularly  designated.  EH  and 
Gl  are  the  "wing  rails."  The  distance  GE  between  the 
gage  sides  of  the  wing  rails  at  the  toe  and  the  distance  BD 
between  the  gage  sides  of  the  point  rails  at  the  heel  are  the 
"spread"  at  the  "toe"  and  "heel"  respectively.  Unless 
otherwise  particularly  designated,  hereinafter  when  the 
"spread"  is  referred  to  the  distance  BD,  the  spread  at  the 
heel,  is  meant.  The  angle  BAD  is  the  frog  angle,  and  herein- 
after will  be  designated  by  the  letter  F.  The  number  of  a 
frog  is  the  quotient  obtained  by  dividing  the  perpendicular 
distance  from  the  point  to  a  line  joining  the  heels  by  the 
spread,  or  it  is  the  number  of  units  measured  alon^  the  Una 
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AC  m  which  the  frog  spreads  one  unit,  and  hereinafter  will 

be  designated  by  the  letter  A^.  

In  the  discussions  that  follow,  AD  =  AB,  the  distance 
from  the  point  to  the  heel,  measured  along  the  point  rails, 
will  be  designated  by  the  letter  K;  and  AE  =  AG,  the  dis- 
tance from  the  point  to  the  toe,  or,  if  any  part  of  the  wing 
rail  is  curved,  the  length  of  the  straight  portion  of  it  from 
the  point  of  frog  to  the  point  of  curve  will  be  designated  by 
the  letter  W. 

Problem  1. 

To  determine  the  frog  number  (N)  in  terms  of  the  frog  angle  (F). 
In  Fig.  1,  _       _ 

ABD  is  an  isosceles  triangle  since  AB  =  AD. 


^C  is  -L  to  the  base  BD.    .'.  BC  =  CD  and  ^  BAC  =  ^CAD, 
F=^  BAD^^BAC^-t  CAD.   .'.  F=  2  ^  BAC=  2  ^C^D. 
^j       AC      I     AC      I      .^j,.r>      1     f^ 

N   =   =   =  jL   '   ^=.  =  p:  cot  i  BAC  =  X  cot  jr  • 

BD      ^     BC      ^  2       2 

Problem  2, 

To  determine  the  distance^  in  terms  of  the  frog  number  (N) 
and  the  gage  ((7),  from  the  point  of  intersection  of  the  center 
lines  to  the  foot  of  a  perpendicular  from  the  frog  point  upon 
either  center  line. 


Fig.  2. 
In  Fig.  2, 

Given:    G  =  Gage, 

N  =  Frog  number 
F  —  Frog  angle. 


Required:  AB  and  AD. 
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Let  AB  bo  the  center  line  of  one  track  II  to  one  point  rail 
of  the  frog.  Let  AD  he  the  center  line  of  the  connectidg 
track  II  to  the  other  point  rail  of  the  frog.  Let  A  be  the  point 
of  intersection  of  said  center  lines.  Let  C  be  the  frog  point. 
Let  CB  and  CD  be  Js  from  the  frog  point  upon  said  cen- 
ter lines.     Connect  A  and  C. 

F=^BAD.        CB  =  CD=^^' 
A  ABC  =  A  ADC  and  ^  BAC  =  ^  DAC  =  ^. 

AB^AD^cJB  '  cot  ^  BAC  =  ^  .  cot  I*  =(l<'ot~]    G  =  NG. 

Problem  3. 

To  determine  the  distance  from  the  frog  point  to  the  point  of 
intersection  of  the  gage  side  of  the  main  track  rail  and  the  center 
line  of  the  connecting  track  parallel  to  the  point  rail. 

First:  When  measured  on  the  gage  side  of  the  main  track 
rail.    In  Fig.  2, 

Given:    G  =  Gage, 

N  =  Frog  number, 
F  =  Frog  angle. 


Required:  Distance  ^C 

Let  E  s=  said  point  of  intersection.     Draw  EL  JL  to  AB. 

A  AEL  =  A  ECD. 

G 


EC=  AE=  ad-  ED=  NG-  ~  cot  F. 

Second :  When  measured  on  the  center  Une  of  the  connect- 
ing track  parallel  to  point  rail. 
Given:  same  as  above. 
Required:   Distance  ED. 

ED=^  cot  F. 

Simple  Turnouts 

There  are  two  methods  of  considering  the  curve  of  the 
switch  lead  or  turnout. 

First,  to  consider  the  curve  of  the  outer  rail  of  the  lead 
curve  as  tangent  to  the  toe  of  the  frog  and  to  the  r^v^vcv  ^x^'cNl 


4  TRACK    FOBMULiK 

rail,  and  the  switch  rail  as  a  chord  of  this  curve  from  the  point 
of  tangency  with  the  main  track  rail  to  a  point  on  the  outer 
rail  of  the  lead  curve,  the  bflfset  from  which  to  the  main  track 
rail  will  equal  the  heel,  distance,  or  to  consider  the  switch  rail 
simply  as  a  piece  of  straight  rail,  of  arbitrarily  assumed  length, 
which  connects  the  main  track  rail  and  the  outer  curved  rail 
of  the  lead  and  is  neither  tangent  to  nor  a  chord  of  the  curve. 

Second,  to  consider  the  curve  of  the  outer  rail  of  the  lead 
curve  as  tangent  to  the  toe  of  the  frog  and  the  heel  of  the 
switch  rail. 

Only  the  second  method  will  be  considered,  and  under  it 
the  most  ideal  condition  will  obviously  be  when  the  tangent 
distance  from  the  heel  of  the  switch  rail  to  the  point  of  inter- 
section of  the  switch  rail  and  wing  rail  produced  equals  the 
tangent  distance  from  the  said  point  of  intersection  to  the 
toe  of  the  frog. 

Problem  4. 

To  determine  the  length  of  the  leady  that  is,  the  distance  from 
the  point  of  switch  to  the  point  of  the  frog,  measured  on  the 
main  track;  the  radius  and  degree  of  the  lead  curve;  the  length  of 
the  outer  rail  of  the  lead  curve,  and  the  length  of  the  straight 
rail  in  the  lead. 

Given;       G  =  Gage, 

N  =  Frog  number, 

F  =  Frog  angle, 

W  =  Straight  length  of  wing  rail, 

S  =  Length  of  switch  rail, 

H  —  Heel  distance. 
Required:  a  =  Switch  angle, 

L  —  Lead, 

R  =  Radius  of  center  line  of  lead  curve, 

D  —  Degree  of  lead  curve, 
CEiED  =  Arc  of  outer  rail  of  lead  curve, 
ZiDi  =  Length  straight  rail  in  lead. 

In  Fig.  3, 

Let  ATZVB  and  ZiDiP  represent  points  on  the  gage  side 
of  the  main  track  rails, 

ACEiEDP  and  ZiDi  represent  points  on  the  gage  side  of 
the  lead  rails. 
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ff  =  Gage, 
P  "  Theoretical  point  of  frog, 
D  =  Toe  of  frog,  or  if  any  portion  of  the  wing 
rail  is  curved,  D  =  poiot  of  curve, 
PD  =  Length  of  straight  portion  of  wing  rail  =^  W, 
4.  Z,PD  =  4.  ZiPI  =  frog  angle  =  F, 
A  =  Point  of  switch  rail, 
C  —  Heel  of  switch  rail, 
AC  "  Length  of  switch  rail  ■•  S, 
Z  =  Foot  of  X  from  gage  side  of  switch  tbjI  at 

heel  upon  gage  side  of  main  track  rail, 

CZ  =  Heel  distance  =  H, 
4.CAZ  =  ^  lAB  =  switch  angle  =  a, 
CEiED  =  Arc  of  curved  or  outer  rail  of  lead,  tangent  to 
heel  of  switch  rail  at  Cand  to  toe  of  frog  at  D, 
0  =  Center  of  lead  curve, 
R  =  Radius  of  lead  curve, 
OC  =  OSi=  OE  =  0b  -  radii  of  outer  rml  of 


-(«+!)■ 


>-  Degree  of  lead  ci 

=  Long  chord  of  lead  <nitve. 
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Extend  PD  and  AC  io  intersect  at  /;  then  DI  =  CI  = 
tangent  distances  of  lead  curve. 

^  DlU  =  Angle  of  intersection  =  (F  -  a)  =  ^  DOC 

=  center  angle. 
^  DCI  =  4.  DCU  =  ^  Z>0/=  4  IOC  =^iiF  -  a). 
B  =  Foot  of  ±  from  point  of  frog  upon  gage 

side  of  opposite  main  track  rail. 

AB  =  Lead  =  L. 

CZ        .  H 


sin  4  CAZ  =  =  =  sin  a  =  "cT 

AC  S 

.\  a  =  sin~*  -^  •  (1) 

( JC. sin  ^ CAZ)  +  [CD. sin  (^ DC/ +^ CAZ)] 

+  (DP.sin^AiPD)  =C. 
5  .  sin  a  +  CD  .  sin  [§  (^  -«)+«]  +  ^  •  sin  F  =  G. 
S  - 8ina -^  CD  ' sin  i  {F  -ha)  -\-W' sin F  =  G. 

G-iW.^nF  +  S-sina)^  (2) 

sm  i  (F  +  a)  ^  ^ 

AB  =  (AC  '  cos  4  CAZ)  -f  [CD  •  cos  (:^DCI  +  ^ CAZ)] 

+  (DP. cos  ^AiPD). 
L  =  5  .  cosa  +  CD  .  cos  H^  +  «)+  ^  •  cos  f'.         (3) 
Substitute  in  (3)  the  value  for  CD  given  in  (2). 

[C-(Tr>sinF+^sina)]cosH/^+<^)  ,  w   ,,,|^ 

L  =0  •  cos  ai : ,    .p    , r r  rr   *  COS  r  . 

sm  i  {F  -ha) 

Reduce  to  a  common  denominator  and  factor. 

S  [sin  iJF  +  a)c08a—  cos  j  (F  -\- a)  sin  a] 

8mi(F+cc) 

W  •  [sin  F'CoaiiF  +a)-  cos  F  •  sin  §  (/^  +  «)] 


L=:J 


sin  i  (^  +  «) 

+  (?  .  cot  §  (/^  +  «). 
Simplifying, 

^  _S 'amji  (F  +  a)- a] -W'  sin  [F  -  H/^  +  «)] 
^~  Bini  (F  +  a) 

+  C  .  cot  §  (^  +  a)- 

L  =  (5  -  TF)"!°|i^"^j+G^'COti(F  +  «).  (4) 

sm  i  (r  +  a; 
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By  construction  OE  is  a  radius  of  the  outer  rail  of  the 
lead  curve  at  E,  the  center  of  the  arc  CEiED,  /.  OE  is  i.  to 
the  chord  CD  and  bisects  it  at  J  and 

^DOJ^^JOC^iiF-a). 


JD  CD 


^^  "  sin  4.DOJ  "  2  .sin  i  (F  -a)*  ^^^ 


Substitute  for  CD  in  (5)  the  value  given  in  (2). 

G  -  (TF-sinF  +  ^sina) 


(«+f)-^ 


sini(F-a)-sini(F+a) 
G-{W'smF-\-H)  G 

2sinJ(F-a)-sini(F+«)      2*  ^^ 

or  the  value  for  R  may  be  expressed  as  follows: 

G-{WsmF-^H)      G 
^^       cosa-cosF  2*  ^^ 


D  =  2  •  sin^  -r^ ' 
K 


(8) 


Length  of  outer  or  curved  rail  of  lead, 

CEiED  :2"icAr  +  ^::{F-  a):360. 


^^^^^  -  360 


=  0.017453  Y/2  +^]  •  (F  -  a). 


(9) 


The  angle  {F  —  a)  in  (9)  is  expressed  in  degrees  and  deci- 
mals of  a  degree. 

Length  of  straight  rail  in  lead  between  the  points  Zi  and  Z>i, 

ZiDi  =  L  -  (TT  +  /S).  (10) 

Summary 
a  =  sin-*  -^ .  (1) 

^=(^-^)sM[F;:i+^'--^*(^+-)-    (^) 

P  =  G  -  H  -  TF  >  sin  F  _  G  ,  . 

2.sinJ(F-a).sini(F-f-«)       2'  ^^ 

R  = s o  •  (7) 

cos  a  —  COS  F  2 
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D  =  2.sin-^^.  (8) 

K 


(9) 


CEiED  =  0.017453  •  (r  -f  ^\  (F  -  a) 

(F  --  a)  being  in  degrees  and  decimals. 
ZiDi=L-  (Tr  +  5).  (10) 

In  the  actual  condition  met  with  in  practice  the  switch 
rail  is  generally  OJ"  thick  at  the  point  and  beveled  to  about 
OJ"  to  reduce  the  blow  of  the  wheels  on  the  point.  In  prac- 
tice the  actual  point  of  the  frog  is  blunt  and  about  OJ"  thick. 

In  the  above  formulae,  in  order  to  meet  the  first  of  these 
conditions,  before  solving  (1),  H  should  be  reduced  by  Oj". 

Before  solving  (4),  G  should  be  reduced  by  Oi".  Else- 
where, where  H  and  G  occur  their  full  values  must  be  used. 

To  meet  the  second  condition  named,  after  solving  (4)  as 
outlined  above,  L  should  be  increased  by  an  amount  equal 
toOi"•^'  =  0.0417' XiV. 

Problem  5. 

To  determine  the  perpendicular  offset  from  the  gage  side 
of  the  main  track  rail  to  any  point  on  the  gage  side  of  the  lead 
curvCj  and  the  distance  from  the  point  of  the  switch  rail  to  the 
foot  of  such  offset. 

Given:  R  =  Radius  of  center  line  of  lead  curve, 
G  =  Gage, 

S  =  Length  of  switch  rail, 
H  =  Heel  distance, 
a  —  Switch  angle, 

n  =  Center  angle  of  lead  curve  from  heel  of  switch 
rail  to  given  point. 
Required:  y  =  offset, 

X  =^  distance  from  point  of  switch  rail  to  foot  of 
offset. 
In  Fig.  3, 

Let  El  be  any  point  on  the  gage  side  of  the  outer  rail  of 
the  lead.  Draw  the  radius  OE.  Drop  a  J.  from  the.  center 
0  upon  the  gage  side  of  the  main  track  rail  at  T.  From  0 
draw  the  radius  OC  JL  to  the  switch  rail  at  its  heel.  ^  COT 
=  a.  From  Ei  let  fall  a  JL  upon  the  gage  side  of  the  main 
track  rail  at  V  and  upon  OT  at  3f .    Let  fall  a  -L  from  C 
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Upon  the  gage  side  of  the  main  track  rail  at  Z  and  upon  OT 
at  Q.     Let  4.  EiOC  =  /x  and  A  =  point  of  switch  rail. 


y  =  EiV'=MT  =  OQ-OM  +  QT-:^OQ-OM  +  CZ 

=  {OC .  cos^  cot)  -  [0^1 .  cos  (^  EiOC  +  ^  COT)] 
+  (ZC.sin^  Clz) 

=  I  72  +  ^  )  •  cos  a  —  (  J?  +  ^  J  •  cos  (jA+a)  +  /S>  •  sin  a, 

y  -  ^H  +  (^R +  ^y  cosa'j'- (r  +  ^Y  cos  Ox  +  a),    (11) 

X  =  Ar  +  rF=  (A^Z  -TZ)+TV=(AZ''QC)  +  MEi 
=  [(ZC.cos^  CAZ)  -  (OC-am^COT)] 
+  [Offi .  sin  (^  ^^lOC  +  ^ cor)], 

a;  =  I  ^-cosa  -f  J?  +  2  )  'sinaj  +(^  +  2/  'sinCM  +  of), 
which  may  be  written  without  appreciable  error, 

x=  [5-(i2  +  ^).8ina]  +  (i2+^Vsin0i+a).        (12) 

It  is  very  convenient  in  practice  to  know  the  coordinates 
of  the  center  and  quarter  points  of  the  lead  curve.  For  any 
particular  frog,  switch  rail  and  switch  angle  the  quantities 
within  the  brackets  in  equations  (11)  and  (12)  are  constant. 
For  this  reason,  where  the  coordinates  of  a  number  of  points 
are  desired,  these  formulae  are  very  convenient  of  solution, 

the  quantities  I  ^  +  «  )  *  cos  (/x  +«)  and  I  J?  H-^  j  •  sin  (/x  +  a) 

being  the  only  variable  quantities. 

Where  the  coordinates  of  a  single  point  on  the  lead  curve 
are  desired,  the  values  of  y  and  x  maybe  expressed  as  follows: 

y -^  +  [2.(12  +  ^). sin  (|+a)-sin|],         (13) 

x-5  +  [2.(i2  +  ^).cos(|  +a)-sin|],  (14) 

which  may  be  convenient  when  working  with  logarithms. 
Having  corrected  a  in  the  solution  of  equation  (1),  Prob.  4, 
for  the  actual  thickness  of  the  point  of  the  switch  rail,  no 
correction  is  necessary  in  equations  (11),  (12),  (13)  and  (14) 
to  make  them  fit  actual  conditions. 
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Lengthening  and  Shortening  Switch  Leads 

Switch  leads  computed  as  demonstrated  in  Prob.  4  are 
termed  in  practice  "theoretical  switch  leads."  To  put  in  a 
switch  with  one  of  such  leads  necessitates  the  cutting  of 
rails  and  the  loss  of  the  difference  between  the  cost  price 
and  the  price  as  "scrap"  of  the  short  pieces  of  rail  left  over 
plus  the  labor  of  cutting  and  drilling  the  rails  and  handling 
the  scrap. 

Some  railroads  prefer  to  sacrifice  the  lead  curve  slightly 
and  to  permit  the  points  of  the  switch  rails  to  be  not  opposite 
each  other,  in  order  to  avoid  such  loss.  Hence  "practical 
switch  leads"  slightly  longer  or  shorter  than  the  "theoret- 
ical switch  leads"  are  adopted.  The  lengths  of  the  "practical 
switch  leads"  are  selected  so  that  the  straight  rail  between 
the  heel  of  the  switch  point  and  the  toe  of  the  frog  is  com- 
posed of  one  or  more  pieces  of  rail  of  commercial  length  or 
of  such  a  fraction  thereof  that  both  pieces  of  the  rail  may 
be  used.  The  curved  rail  may  be  made  of  the  same  number 
and  length  of  pieces  as  the  straight  rail.  In  justification  of 
the  "practical  switch  leads"  are  claimed  the  saving  outlined 
before;  the  fact  that  the  degree  of  the  curve  is  only  very 
slightly  increased;  the  fact  that  a  portion  of  the  error  in 
making  the  straight  and  curved  rail  the  same  may  be  over- 
come by  laying  the  straight  rail  with  tight  joints  and  the 
curved  rail  with  open  joints;  the  fact  that  only  one  of  the 
two  switch  rails  is  in  service  at  one  time;  the  fact  that  it 
throws  the  bending  of  the  stock  rail  a  little  farther  ahead  of 
the  point  of  the  switch  rail  on  the  opposite  side  of  the  track, 
giving  a  slightly  wider  gage  at  point  of  switch  rail  when 
switch  is  set  for  siding;  and  the  fact  that  the  head  and  second 
rods  do  not  form  with  the  switch  rails  a  figure  of  stability 
and  will  probably  keep  their  adjustment  as  well  with  one 
point  of  switch  rail  slightly  in  advance  of  the  other  as  when 
the  points  of  switch  rails  are  directly  opposite.  It  is  also 
claimed  that  no  disadvantage  is  experienced  where  a  "prac- 
tical lead"  is  connected  up  to  an  interlocking  plant. 

Problem  6,  Case  1. 

To  determine  the  correction  to  the  radius  of  the  lead  curve 
and  the  length  of  the  tangent  adjacent  to  the  heel  of  the  switch 
rail  when  the  practical  lead  is  longer  than  the  theoretical  lead. 
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Given:  L  =  Theoretical  lead, 

S  =  Length  of  switch  rail, 

a  =  Switch  angle, 

F  =  Frog  angle, 

W  =  Distance  point  to  toe  of  frog, 

R  =  Radius  of  center  line  of  theoretical  lead  curve, 

G  =  Gage  of  track, 

Li  ==  Practical  lead. 
Required:  C  correction  to  radius. 

C2C1  =  Tangent  adjacent  to  heel  of  switch  rail. 
In  Fig.  4,  let  EJ  and  EiJi  represent  the  gage  side  of  the 
main  track  rails,  \ 


\ 


\ 


^^ 


,"  D    I 


B 


P  =  Point  of  frog, 
D  =  Toe  of  frog. 


PD  =  Distance  point  to  toe  of  frog  =  W, 
^  EPI  =  Frog  angle  =  F, 

A  —  Point  of  switch  rail  for  theoretical  lead, 
AC  =  AiC2'=  Length  of  switch  rail  =  /S>, 
^  CAB  =  ^  C2A1B  =  Switch  angle  =  a, 

Ai  =  Point  of  switch  rail  for  practical  lead. 


B  —  Foot  of  ±  from  point  of  frog  P  upon  EiJij 

PB  =  Gage  ^  G,  

I  =  Point  of  intersection  of  PD  and  AC  extended, 
CI  =  DI  =  Tangent  distances  theoretical  lead  curve 

=  T  (outer  rail),        

/i=  Point  of  intersection  of  DI  and  the  extension 

of  A1C2, 


Ci/i=  D/i=  Tangent   distance  practical    lead  curve 

=  Ti  (outer  rail), 
AB  =  Theoretical  lead  =  L, 
AiB  =  Practical  lead  =  Li, 
^  C2I1I  =  Central  angle  of  lead  curves  =  (F  —  ol\. 


i 
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AAi  •  sin  ^  C2A1B  =  III .  sin  ^  C2/1/. 

.    .  J      AAi  •  sin  ^  C2Aifi      (Li—  L)  sin  a       jr^      j^ 
Sin  4.  C%I\I  sm  {F  —  a) 

=  correction  to  tangent  distance. 


(Z^-L)jina 

Sin  (F  —  a)  ^  ' 


(1) 


Ai/i=  AxA  .  cos  ^  C2A1B  +  A/  -F  //i  .  COS  ^  C2/1/ 


=  (Li-  L)  cosa  +5  +  7+  %L^I^cos  (/?*-.«) 


=  (Li-L) 


sin  (F  —  a) 
cos  a  sin  {F  —at)  •\-  sin  a  cos  {F-  —  ct) 


+  S  +  T^{Li-L):. 


sin  (F  —  a) 
sin/^ 


sin  (F  —  a) 


+  S-^T 


C2Ci=  AJi-  A1C2-  Ci/i 


=  (Li-L)  .  ^l^ ^+S+T-S-T+^^''^^^'''' 


sin(F— a) 
sin  F  -\-8ma 


sin  (F  —  a) 


sin  (F  —  a) 
sin  HF+ot) 


(2) 


sin  J  (^— «) 
Problem  6,  Case  2. 

To  determine  the  correction  to  the  radius  of  the  lead  curve  and 
the  length  of  the  tangent  adjacent  to  the  toe  of  the  frog  when  the 
practical  lead  is  shorter  than  the  theoretical  lead. 

Given  the  same  quantities  as  in  Case  1. 

Required:       C  =  Correction  to  radius, 

DDi=  Tangent  adjacent  to  toe  of  frog. 


\      \ 


\ 


\ 


W^\ 


-1  . 


\T 


V'-' 


W^ 


B 


i 


Fig.  6. 
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AAi  sin  ^  CAB  =  I J  sin  ^  Clh. 

Yj  __  AAi  sin  ^  CAB  _  (L  —  L{)  sin  a 
*    "      sin  ^  CIIi       "    sin  (F-a) 


Ai/i  =  A/  -  A Ai  cos  ^  CAB  -  /A  cos  :^  C//i. 


A1C1+  Ci/i  =  AC  +  C/  -  AAi  cos  :^  CAB  -  Ih  cos  :^  C//i. 
5^-7'i=/S  +  T-(L-Li)cosa-  ^^~/^L^°)''  cos  (F  -  a) . 

.*.     T  —  Ti—  (L  —  Li)  - — TB T  =  correction  to  tangent. 

sin  (F  —  a) 

.-.     C  =  (L-Li)^^^^4^coti(F-a).  (1) 


DDi^  DI  -{- III-  Dili 

^  y       (L—Zg)  sing  _y 
sin  (F  —  a)  ^ 

y      (L  -  Li)  sin  «      y      (L  -  Li)  sin  F 
"^    sin  (F  -  a)  "^    sin  (F  -  a) 

sin  F  +  sin  a 


DA  =  (L  -  Li) 


sin  (F  —  a) 


=  (L_Z,o«-i5LH^-  (2) 

^  '^  sm  i  (F  —a)  ^  ' 

Having  corrected  the  radius,  the  remaining  functions  of  the 
curve  may  be  readily  figured. 

In  Problem  6,  Case  1,  or  where  the  practical  lead  is  longer 
than  the  theoretical  lead,  when  figuring  the  coordinates  to 
points  on  the  lead  curve  given  by  the  formulae  of  Problem  5, 
it  must  be  remembered  that  correction  must  be  made  for 
.the  tangent  adjacent  to  the  heel  of  the  switch  rail.  Appl3ring 
the  correction,  formulse  (11)  and  (12),  Problem  5,  become 

2/=  [(i/ +  CiC, .  sin  a)  +(^Ri+  ^]-cosa] 

x  «  [(5  +  C^i)  •  cosa  -  (Ri  +  ^j  •  sin al 

+  f  iJi  +  2  )  •  8"^  0*  +  a), 
which  may  be  written  without  appreciable  error 


14  TRACK    FORMULAS 


X 


[(5  +  C1C2)  -  {r^  +  ^]  •  sin  a] 


In  Problem  6,  Case  2,  or  where  the  practical  lead  is  shorter 
than  the  theoretical  lead,  to  figure  the  coSrdinates  of  points 
on  the  lead  curve  the  formulae  of  Problem  5  are  correct  with- 
out correction. 

Switch  Leads  on  Curves 

On  curves  the  switch  leads  sho^ld  be  of  the  same  length 
as  figured  for  straight  track  and  as  given  by  Problem  4, 
formula  (4).  For  all  practical  purposes  the  effect  of  the 
curve  is:  —  First,  when  the  turnout  is  on  the  inside  of  a  curved 
track,  the  degree  of  the  lead  curve  equals  degree  of  lead 
curve  on  straight  track  plus  the  degree  of  curve  of  the  curved 
track.  Second,  when  the  turnout  is  on  the  outside  of  a 
curved  track,  the  degree  of  the  lead  curve  equals  the  degree 
of  lead  curve  on  straight  track  less  the  degree  of  curve  of 
the  curved  track. 

Switch  Stands 

s 

In  locating  switch  stands,  care  should  be  exercised  to  place 
the  stand  on  the  side  of  the  track  from  which  it  may  be  best 
seen  by  the  engineman  when  approaching  it  in  the  direction 
facing  the  points  of  the  switch  rails.  Where  the  stand  may 
be  seen  equally  well  on  either  side  of  the  track  it  should  be 
placed  so  as  to  be  on  the  engineman's  right  side  when  approach- 
ing it  in  the  direction  facing  the  points  of  the  switch  rails. 

On  double  track  a  turnout  so  located  that  the  points  of 
the  switch  rails  face  the  normal  direction  of  traflSc,  is  called 
a  ''facing  point  switch"  and  should  be  avoided  when  possible. 

Similarly  when  the  turnout  is  so  located  that  the  normal 
direction  of  traffic  is  from  the  frog  to  the  switch  rails,  it  is 
called  a  "trailing  switch." 

On  single  track  all  switches  are  both  facing  point  and  trail- 
ing switches. 

Problem  7. 

To  determine  approximate  formuloe  for  the  tangent  to  the  lead 
curve,  the  length  of  the  lead  and  the  radius  of  the  lead  curve. 
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Given:  F  =  Frog  angle, 

N  =  Frog  number, 
W  =  Distance  point  to  toe  of  frog, 
S  =  Length  of  switch  rail, 
H  =  Heel  distance, 
G  =  Gage  of  track. 

Required:   T  =  Tangent  to  lead  curve, 
L  —  Length  of  lead, 
B  =  Radius  of  center  line  of  lead  curve. 


toE  B 

Fig.  6. 

In  Fig.  6,  let  AiP  and  AB  be  the  rails  of  the  principal 
track,  P  =  the  point  of  frog,  A  =  the  point  of  switch  rail, 
B  =  perpendicular  from  P  upon  AB,  AB  —  L,  AC  ^  S, 
CI  ^ID  ^  T,  DP  =  W,  ^  AiPI  =  f/^  IAB  =a,CZ  =  H, 
IE  =  x  ^  length  of  perpendicular  from  /  upon  ABj  G  =  Gage. 
Let  N'  be  the  number  of  the  switch  rail 

—     ^  (measured  in  feet)         .^. 
H  (measured  in  inches)  ' 

then  W  +  T=\g-x)n\  aPPro^™ately» 

S-i-T 


W  +  T 

N 


G=-x, 


from  which 


Solving  for  T: 


S+T      W±T 


^  _  N'jNG  -W)- SN  ,^, 

N+N'  ^^^ 


16 


TRACK    FORMULA 


L  =  (5  +  IF)  +  2 


[ 


R=^Tcoti(F-a)  =  rx 


N'(NG  -W)-SN 
4  NN'+ 1 


] 


2(i\r'-iV) 


N\NG  -W^-SN      4  NN'+  1 


use  (7  =  4.7    (2) 


(3) 


Problem  8. 

To  locate  the  points  of  frogs  for  a  combination  turnout  and 
crossover  {slip  switch). 


Fig.  7. 


Given:  N  =  The  number  of  the  frogs  P,  Pi,  Pa  and  P|, 
F  =  The  angle  of  the  frogs  P,  Pi,  Pa  and  P,, 
TF  =  Distance  pomt  to  toe  of  single-pointed  frogs 

P  and  Pi, 
G  =  Gage  of  tracks. 

Required:  BBi^  QQi, 
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In  Fig.  7,  BBi  and  QQi  are  the  center  lines  of  the  tracks 
and  intersect  at  D,  PB,  PiBi  and  PQ  and  PiQi  are  per- 
pendiculars from  the  points  of  frogs  P  and  Pi  upon  BBi  and 
QQi,     Angle  QDB  =  angle    QiDBi  =  F.     PB  =  PQ  -^  PA 

=  PiQi  =  ^-     It  follows  then  by  Problem  2  that  DB  ^  DQ 
=  DBi  =  Z)Oi  =  iV(?. 

/.      BBi^QQi^2N0.  (1) 

P2/  and  P»/i  are  perpendiculars  from  the  points  of  the 
double-pointed  frogs  Pa  and  Ps  upon  the  center  line  BBi. 
Angle    P2AC  =  Angle    P2A1C1  =  a.     CO  =  COi  =  Radu    of 

outer  rail  of  lead  curve  ==  { ^  +  o") *    Angle  COCi  =  (P  —  2 a) . 

PtO  bisects  angles  APAi  and  COCi, 

^APiO  =(90  -|^]  and  ^AP2/  =  (90-P).     .'.  :^JPtD  =  ^' 

/Z)=/iD=P2/. tan  ^/P2D-|.  tan  ^=^X-i^=|^   (2) 

cotg 

PP,=  PiP3=  JD  +  DB=^JiD  +  DBi^NG+^  .        (3) 

Problem  9. 

To  determine  the  radius  and  degree  of  the  lead  curve  and  the 
mid  ordinate  of  the  outer  rail  of  a  combination  turnout  and 
crossover  {slip  stoiich). 

In  Fig.  7,  Given:  iV,  F,  W,  G,  AC  «  AiCi  =  /S,  a  «  switch 
angle,  or  H  =  heel  distance,  and  also  the  clearance  "V"  be- 
tween the  toe  of  the  frogs  P  and  Pi  and  the  point  of  the  switch 
rails  A  and  Ai  so  that  PAi^  PiA  ^(W  +  V). 

AI  =  AJ  =:{S  +  T). 

AP2  -  P1P2-  PiA  =  (nG  +  ^)  -{W  +  7). 
AI :  APt  : :  sin  ^  AP2/  :sin  ^  P,/A. 

(S  +  T) ^^"  (^  -  1^) 


(Ar^  +  4%)-(Tr-|-7)      sin  [90  +  (^^^)] 
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F 
COS:^ 


r  =  (A^G  +  5|^-TF-y)— ^-S.  (1) 

COS ;r 


(»+?)-'-<»'4^ 


F 

cos  7^  -,      « 

-2 


^{NG+^-W-v).-j^^-S.cot?- 


sm 


cos 


2 
F 


«=(^G+5^-Tr-F)-^-5cot^-f.    (2) 


an       2 
Mid  ordinate  outer  rail  of  lead  curve 


(3) 


Arc  CECi  =  0.017453  '(r  +  ^)'  ^—^ '  (4) 

Three-throw  and  Tandem  Switches 

A  three-throw  switch  is  a  double  turnout  with  two  pairs  of 
switch  rails  having  three  positions,  and  requires  three  frogs. 

If  the  turnouts  are  to  the  opposite  sides  of  the  main  or 
principal  track  there  will  be  one  frog  in  each  rail  of  the  main 
track  and  a  third  frog,  called  the  crotch  frog,  in  the  outer 
rails  of  the  lead  curves  at  their  point  of  intersection  between 
the  rails  of  the  main  or  principal  track. 

If  the  turnouts  are  to  the  same  side  of  the  main  track  there 
will  be  two  frogs  in  one  rail  of  the  main  track  and  an  exterior 
frog  outside  of  the  main  track  at  the  point  of  intersection  of 
the  outer  rail  of  one  turnout  and  the  inner  rail  of  the  other 
turnout. 

In  each  case  of  a  three-throw  switch  to  the  same  side  of 
the  main  track  there  are  two  methods  of  solution:  (a)  To 
make  both  frogs  in  the  main  track  rail  standard  frogs  and  the 
exterior  frog  a  special  frog.     (6)  To  make  one  frog  in  the 
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main  track  rail  and  the  exterior  frog  standard  frogs  and  the 
remaining  main  track  frog  a  special  frog. 

If  the  tmnouts  are  so  located  that  the  switch  rails  of  one 
clears  the  switch  rails  of  the  other,  but  comes  between  them 
and  their  frog,  the  arrangement  might  more  appropriately 
be  termed  a  tandem  switch. 

Three-throw  or  tandem  switches  shotild  never  he  lised  where 
it  is  possible  to  avoid  doing  so.  By  a  little  patience  in  design 
and  careful  study  of  the  situation,  and  possibly  by  the  use 
of  a  few  frogs  of  greater  angle  and  sharper  curvature,  such 
switches  may  almost  always  be  avoided.  However,  very 
congested  conditions  or  very  valuable  waylands  that  other- 
wise could  not  be  fully  utilized,  may,  at  times,  justify  the 
use  of  three-throw  or  tandem  switches. 

//  a  number  of  three-throw  or  tandem  switcheSy  of  the  same 
combinationf  are  used  in  one  locality ^  the  special  frogs  should 
be  made  with  the  wing  and  point  rails  curved  to  correspond 
to  the  curves  in  which  they  are  located;  then  the  lengths  of 
the  leads,  the  degree  of  either  lead  curve,  and  the  degree  of 
the  curves  beyond  the  heel  of  the  main  track  frog  will  not 
be  altered,  and  it  is  necessary  to  figure  only  the  angle  of  the 
special  frog  and  its  location. 

//  a  single  three-throw  or  tandem  switch  turning  out  to  the  op- 
posite sides  of  the  main  tracks  is  used  in  a  track  over  which  there 
are  no  important  train  movements^  it  is  usually  customary  to 
figure  the  angle  between  the  tangents  to  the  curves,  in  which 
the  crotch  frog  is  located,  at  their  point  of  intersection,  then 
to  select  a  standard  frog  of  angle  most  nearly  corresponding 
for  use  as  the  crotch  frog.  Interposing  the  straight  crotch 
frog  in  the  lead  curves  increases  the  degree  of  curve  and 
makes  of  the  lead  of  each  turnout  two  curves  of  different 
degree,  one  on  either  side  of  the  crotch  frog. 

In  careful  switch  work,  having  selected  the  crotch  frog,  it 
is  then  necessary  to  figure  the  degree  of  the  lead  curves  and 
the  length  of  the  lead,  that  is,  the  distance  parallel  to  the 
main  track  from  the  points  of  the  switch  rails  to  the  point  of 
the  crotch  frog  and  the  distance  from  the  point  of  the  crotch 
frog  to  the  points  of  the  frogs  in  the  main  track,  together 
with  the  perpendicular  distance  from  the  gage  side  of  either 
main  track  rail  to  the  point  of  the  crotch  frog. 
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Problem  It. 

To  delermine  the  angle  between  the  langenla  to  the  lead  cutpm 
Hi  their  point  of  intersectum  for  the  selectum  of  a  crotch  frog 
for  a  three-tkrow  or  tandem  switch  turning  oiU  to  the  oppoeite 
sides  of  the  ■prindpaX  or  main  track. 

Cftse  1.  Where  the  location  of  the  frags  in  the  main  track 
ia  fixed  and  where  F,  F,,  W,  W„  R,  R„  S,  Si.  and  a  and  a,  are 
diSerent  and  the  points  of  the  frogs  in  the  principal  or  main 
track  are  not  oppodte. 

This  case  presupposes  that  the  frogs  in  the  principal  or 
main  track  r^ls  have  been  located  by  the  previous  problems 
to  give  the  desired  conditions  beyond  the  heels  of  these  frogs 
and  are  therefore  fixed.- 


Fig.  S. 

In  Fig.  8, 
Given:  N  "  Number  of  one  of  the  fro^  in  the  main 
track  rails, 
F  =  Frog  angle, 
TF  =  IMstance  point  to  toe  of  frog. 
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K  ==  Distance  point  to  heel  of  frog, 

S  ==  Length  of  switch  rail, 

a  =  Switch  angle, 

R  =  Radius  of  lead  curve, 

Ni  =  Number  of  the  other  frog  in  the  main  track 

rail, 
Fi  =  Frog  angle, 

Wi  —  Distance  point  to  toe  of  frog, 
Ki  =  Distance  point  to  heel  of  frog. 
Si  =  Length  of  switch  rail, 
ai  =  Switch  angle, 
Ri  =  Radius  of  lead  curve, 
d  =  Distance  II  to  main  track  between  points  of 

main  track  frogs, 
G  =  Gage  of  tracks. 

Required:  Fi  —  ^  QP2Q1  =  Angle  of  crotch  frog. 

Let  0  and  Oi  be  the  centers  of  the  lead  curves.  Drop 
a  J-  from  Oi  upon  the  gage  side  of  the  main  track  rail  at  Ji, 
Extend  OiJi  to  U.  Draw  OU  \\  to  center  line  of  main  track. 
Drop  a  -L  from  0  upon  the  gage  side  of  the  main  track 
rail  at  /  and  intersecting  the  other  main  track  rail  at  J2, 
Draw  OOi. 

Let  P  and  Pi  be  the  points  of  the  frogs  in  the  main  track 
rails. 

Let  Pa  be  the  point  of  the  crotch  frog,  i.e.,  the  point  of  inter- 
section of  the  gage  side  of  the  outer  rails  of  the  lead  curves. 
Let  A  and  Ai  be  the  points,  and  C  and  Ci  the  heels  of  the  switch 
rails  S  and  Si.  Let  the  central  angle  of  the  curve  between 
the  toe  of  frog  F  and  P2  equal  (F  —  /3)  and  that  of  the  curve 
between  the  toe  of  frog  Fi  and  P2  equal  (Pi—  d).  Draw  PiT 
II  to  the  center  line  of  the  main  track;  then  ^  Q1P2T  =  d  and 

^  TP2Q  =?  /3.      Draw  the  radii  =  (Ri  +  k)  ^^om  Oi  to  the 

toe  of  frog  Pi,  to  P2  and  to  Ci.     Draw  the  radii  =  f  J?  + 

from  0  to  the  toe  of  frog  P,  to  P2  and  to  C.     Draw  Q1P2  and 
QP2  tangent  to  the  lead  curves  at  P2;  then  ^  QP2Qi=  P2. 

^PiOi/i=Pi,  ^PiOiP2=(Pi-^),  ^  P2O1/1  =  QiP2r  =  d. 
^  CiOiJi  =  ai,  ^00iU=^  JOOi  =  0,  ^  POP2  =  (P  -  «. 

:(.  PtPJ  =  /3,  ^  COJ  =  a,  ^  POJ  =  p. 
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G 


AC  =  S,  AiCi  =  <Si,  S  'Sina  —  H  —  heel  distance 
and  5i  •  on  ai  =  Hi, 

OiU  =  Ojl  +JO-G=-  URi  +  ^\coaai+Si-Bm  ail 
+    (i2  +  2  )  •  *^8  a  +  /S  •  sin  a     — 
=  fi2i +^)  •  cosai  +  (j?  +  f )  •  cosa +Hi +H  -  (7. 

-  [f  .  cos  F  +(i2  +  ^^sin  f1  • 


tan  ^  =  tan  :^  OOiU  =  ^ 


rd+TTi.cosFi+^igi+^ysinFil-rTF.cosF+fiJ+^ysinF] 


00i=   -r 


Of/ 


sin  ^  OOif/ 
[d+TFi.cos/^i+fi2i+^]-sinFi]-rF.cosF+(/2+^)-sinFl 

sin  0  ^2) 

Let  «  =  }  perimeter  of  triangle  PiOiOPi. 
tanj(9-0)  =  tani^  PjOiO 


Ri  + 


f)](«-55;) 


tanj(«4-^)  =  tanj^  P,00, 


(3) 


(4) 


«[.-(«.+f)] 
/^2=(/?+d).  (5) 
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Problem  10,  Case  2. 

Where  the  location  of  the  frogs  in  the  main  track  rails  is  fixed 
and  where  F,  Fi,  W,  TFi,  R,  Ri,  <S,  /Si,  and  a  and  ai  are  different 
and  the  points  of  the  frogs  in  the  jmndpal  or  main  track  are 
directly  opposite^  i.e.,  d  =  0. 

rFi.cosFi  +  fj?i+^Vsin/^il-rTr.co8F+fi2+^ysinF] 

(Ri+^Ycoaat+lR+^YcoBa+Ht+H-G  (1) 

00i  = 

rFi-cosFi+f/^i+^ysin/^^il  -  rTr.cosF+f72+^)-8inFl 

sin  *  (2) 

Let  8  =  }  perimeter  of  triangle  PjOiOPj. 


r«-(«,+^')'l  -is-OOi) 
tan  J  (9  -^)  =     /  i \         y-* (3) 

'[-(^  +  2-)] 

[«-(«  +  !)]  '(s-OOi) 
tan}08+^)=     /   i= >_      y-*      ^■_ (4) 

F,=  (fi  +  e).  (5) 

Problem  10,  Case  3. 

Where  the  location  of  the  frogs  in  the  main  track  raHs  is  fixed 
and  where  F  =  Fi,  TT  «  TFi,  12  =  Ri,  S  =^  Si  and  a  =  ai,  and 
the  points  of  the  frogs  in  the  rails  of  the  principal  or  main  track 
are  not  opposite. 

6^  =  2  [( J?  + 1)  cos  a  +  ^]  -  (7 . 
OU  =d. 
tan^==— gT^ n (1) 

OOi^-J-r'  (2) 

Bin  ^  ^  ^ 
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Triangle  PiOiOPi  is  an  isosceles  triangle. 


cos  (^  - 0)  =  cos  03  +g!>)  =  -— ^^i-^-  (3) 

F2^(fi+d).  (4) 

Problem  10,  Case  4. 

TT/iere  i^e  location  of  the  frogs  in  the  main  track  rails  is  fixed 
and  where  F  —  Fiy  W  =  Wij  R  ==^  Ri,  S  =  Si  and  a  =  ai,  and 
the  points  of  the  frogs  in  the  rails  of  the  principal  or  main  track 
are  directly  opposite, 

Of/  =2.rfiK  +  ^ycosa  +  /rJ  -(?. 


OU  =  0.     /.  ;^0  =  0  and  point  0  coincides  with  U,  OiU  =  OOi 

and  OOi  is  JL  to  the  center  line  of  the  main  track  .and  triangle 

F2 
P2O1OP2  is  an  isosceles  triangle.    .'.  0  =  fi  =-^ and 

^^«2=-^ G =r^"+2^+^)'  (^> 

which  might  also  be  written 

F2            „  ,  G-2-W'amF 
COS2  =cosF  + 2:^^^^ 

Problem  11. 

To  determine  the  angle  between  the  tangents  to  the  lead  curves 
at  their  point  of  intersection^  far  the  selection  of  a  crotch  frog  for 
a  three-throw  or  tandem  switch  turning  out  to  the  opposite  sides 
of  the  principal  or  main  track. 

This  problem  presupposes  that  the  frogs  in  the  rails  of  the 
principal  or  main  track  are  known,  but  that  their  exact 
location  is  not  important  because  of  conditions  beyond  the 
heels  of  the  frogs  and  that  a  certain  arrangement  of  the 
switch  rails  is  controlling.  Therefore  the  points  of  the  switch 
rails  are  fixed. 

Case  1.  When  the  location  of  the  points  of  the  switch  rails 
is  fixed  and  when  F,  Fi,  W,  TTi,  R,  Ri,  /S,  /Si,  and  a  and  ai  are 
different  and  the  points  of  the  switch  rails  are  not  opposite. 
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In  Fig.  8,  let  di  =  distance  ||  to  center  line  of  main  track 
between  the  points  of  the  switch  rails. 

O^  =[(/?!  +^\  .cosai+/ri]+  UR+^Ycosa+HJ-G. 

OU  =  (A^  +  AZ  -JZ)  -  (Aj'i  -JiZ)  =  [di  +  5  •  cos  a 

—  (/2+2  )*8i^«J  -  hSi'COSai  -f /2i  +  - Vsinofi    , 
which  may  be  written  without  appreciable  error 
OC7=[di  +  (5-5i)-f/2+^Vsin«+f/2i+^V8in«i]. 

Tan  0  =  tan  -^  OOiU  = 

^       di+(S-5i)-f/2  +  ^V8ina  +  f/2i  +  ^Vsinai 

^'^      (Ri+^ycoBai  +  {R+^Yco8a+Hi+H--G 


00i=  -r 


OU 


sin  ^  OOiU 

di  +  (S  -  SO-  (r  +  f\  'Sin  a  +  (ri  +~y8mai 

""  sin  ^ 

Let  s  =  i  perimeter  of  triangle  P2O1OP2. 
tan  i  (d  -0)  =  tan  i  -^  P2O1O 


(2) 


(3) 


[s-(/2i+D]-(s-00i) 
tanJO5+0)=tani-^  PtOOi 

Fi-^ifi+e).  (5) 

Problem  11,  Case  !3. 

When  the  points  of  the  switch  rails  are  fixed  and  when  Fy  Fi, 
Wf  Wi,  Rf  Ru  Sj  Sij  and  a  and  en  are  different  and  the  points  oj 
ike  switch  rails  are  directly  opposite. 
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(S  -  S.)  -  (fl  +  ^V  sin  a  +  (i?i  +  f  V  sin  a, 
tan  0  -   i ^ i =-' (1) 

(S-S,)-fB  +  ^).sina  +  (B.  +  ^Vsinai 

^' -^4. — ^2> 


[8-(fl.+|)]-(«-00l) 


tanJ(»-<^)=./ ^ /"     ^v-, (3) 


rs-(fi+|)i.(«-oo,) 

taniO  +  ,^)=./   i= \        ^  -^  (4) 

^2=  (/?+«.  (5) 

Problem  11,  Case  3. 

When  the  points  of  the  sioitch  rails  are  fixed  and  when  F  =■ 
Fh  Wi^  Wiy  R  —  Rij  S  ^  Si  and  a  =  ai  and  the  points  of 
the  switch  rails  are  not  opposite, 

OdJ  ^  2Ur  -\-^Y C08a  +  hI-  G. 

OU  =di. 

tan*=— —^ (1) 

2.|f/?  +  ^j.cosa  +  //|-(? 

OOi  =  ^.  (2) 

sin  0  ^  ' 

cos  (0  -  ^)  =  cos  0?  +  ^)  =     ,       '    ,  •  (3) 

/^2=(/3+«).  (4) 

Problem  11,  Case  4t, 

When  the  points  of  the  switch  rails  are  fixed  and  when  F  =«  Fi, 
W  =  Wl,  R  —  Ri,  S  —  Si  and  a  =  ai  and  the  points  of  the 
sioitch  rails  are  directly  opposite. 


FROGS    AND    SPLIT    SWITCHES  27 


COS 

or, 


2  =V^^"+2^Tg)'  (^^ 


Fi             „  ,  G  -2'W-BmF 
coB-^=co8/^+        2ig  +  G 

Problem  12. 

To  determine  the  perpendicular  offset  from  the  gage  aide  oj 
either  rail  of  the  principal  or  main  track  to  the  point  of  inter- 
section of  the  gage  side  of  the  outer  raits  of  the  lead  curves^  i.e., 
to  the  point  of  the  crotch  frog. 

Having  determined  /S   and  d,  Fig.  8,  then   substituting 

08  —  a)  and  {0  —  ax)  and  ( ^  +  o  )  *^^  f /2i  +  2  )  f or  /x  and 
[  72  H-  ^  J  respectively  in  equation  (11),  Problem  5,  we  have, 

2/-Pi7^  =  [/7  +  f/2  +  ^ycosa]  -^«  +  fycos^       (1) 

2/1=  PiP,  =  (G  -  y)^\Hi+{Ri  +  ^^  -cosai] 

-f«i+^Vcosd.  (3) 

If  the  crotch  frog  is  made  special  with  wing  and  point 
rails  curved  then  the  distance  from  the  point  of  either  switch 
rail,  parallel  to  the  center  line  of  the  principal  or  main  track, 
to  the  point  of  intersection  of  the  gage  side  of  the  outer  rails 
of  the  lead  curves,  i.e.,  to  the  poii^t  of  the  crotch  frog,  is  from 
equation  (12),  Problem  5, 

x  =  JF,  =  [5-f/2  +  ^Vsina]+f/2  +  ^^.sin/3.        (2) 
Xx^A^Fa^  [iSi  -  f /2i  +  ^  V  sin  ai]  +  f /?!  +  ^  V  sin  d.    (4) 

Problem  13. 

To  determine  the  length  of  the  leads,  the  radii  and  degree  of 
the  lead  curves  of  a  three-throw  or  tandem  switch  turning  out  to 
the  opposite  sides  of  the  principal  or  main  track. 

First:  When  a  special  crotch  frog  with  curved  point  and 
wing  rails,  as  determined  by  Problem  10  or  11,  isused,  the 
length  of  the  leads,  the  radii  and  degree  of  ttv^  V^^  oNsrq^si 
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are  the  same  as  for  the  simple  turnouts  for  frogs  F  and  Fi, 
Fig.  8,  and  given  in  Problem  4.  The  location  of  the  crotch 
frog  is  given  by  the  equations  (1)  and  (2)  or  (3)  and  (4), 
Problem  12. 

Second:  When  a  standard  frog  with  straight  point  and 
wing  rails  and  angle  nearly  but  not  equal  to  F2  of  Problem  9 
is  used  for  a  crotch  frog  and  when  the  location  of  the  points 
of  the  frogs  in  the  principal  or  main  track  is  fixed, 

(a)  Determine  ^  Ft  by  the  proper  case  of  Problem  10. 

(b)  Determine  ^  /S  and  ^  ^  by  the  proper  case  of  Prob- 
lem 10. 

(c)  Determine  y  and  y^  by  equation  (1)  or  (3)  Problem  12. 

(d)  Select  for  the  crotch  frog  a  standard  frog  of  angle 
most  nearly  corresponding  to  ^/^2;  call  the  angle  Ft, 

(e)  Divide  the  angle  of  the  crotch  into  two  angles,  which 

call  /8'  and  e\  so  that  /3'  =  |-  X  F2'  and  ^'=  F2'-  /S',  where 

the  angles  are  expressed  in  degrees  and  decimals. 
Then  referring  to  Fig.  8  and  Problem  4, 

P^P  =  {K,'  -  W)  >j^*|j^;^|!j  +  (C;  -  2/)  .coti  (F+^0.  (1) 
P^i  ^PP^-d.  (2) 

AF.^^s-w^).2\%l%  +  y'--^i^^'  +  <^)'       (3) 

Aj'.^{S,''Wn'^^^j^^-{G^y).cot\{e'  +  cc,).  (4) 


Lf  =  AFz  +  I\P.  (5) 

Lp,  =  Aj^A  +  Pj^i  =  Aj^i  +  (PiP  -  d).  (6) 

R  =  Radius  of  curve  between  c  and  crotch  frog 
y-  H  -W/'  sin  /8'  y 


2  •  sin  i  03'  -  a)  .  sin  i  {0'  +  a)       2 

R'  =  Radius  of  curve  between  crotch  frog  and  frog  F 
^  (G  -y)-  Kj'  'Binff-W-amF  _  G  -  y 
2  •  sin  §  (/^  -  /3')  •  sin  i  {F  +  0')  2 

Ri  =  Radius  of  curve  between  Ci  and  crotch  frog 

^     (G  -y)-  Hi-  Wi'-ame'     _  G  -y 
2  .  sin  i  {e'  -  ai)  sin  J  (^'  -f  aj  2      * 


(7) 


(8) 


(9) 
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22/  =  Radius  of  curve  between  crotch  frog  and  frog  Fi 

- — s^w ^'J  "^^  *  ^^' "  '^-    ^^^^ 

50 
Degree  of  curve  =  2  •  sin-*  -^  • 

Third:  When  a  standard  frog  with  straight  point  and  wing 
rails  and  angle  nearly  but  not  equal  to  F2  of  Problem  11  is 
used  for  the  crotch  frog  and  when  the  location  of  the  points 
of  the  switch  rails  is  fixed. 

Proceed  as  in  case  2,  (a)  to  (e)  inclusive.     Then 

sin  J  (0'  —  a) 


AiP^=(AP,+dd.  (2) 

p;p=(/ir/,Tr).j^|[^~g;}  +  ((7--y).cotH/^+/30.    (3) 

7V^  =  (K,^  -  TFt)  .  ?|^i^-j;i  +  2/ .  cot  i  (/^i  +  er         (4) 


Lf  =  APz  +  P,P.  (5) 


Lp^  =  A1P4  +  PzPi  =  (^^3  +  rf)  +  PiPi.  (6) 

R  =  y-fJ-  Wi'  '€m0'  _  y 

2. sin  J  08'- a). sin  §03'  + a)      2  ^^ 

j.e_  (O  -  y)  -  K2'  'Sind  -  W  sinF      G-y 

2  .  sin  H,/^ -/?')•  sin  i  (^  + /30  2     '  ^^^ 

^^^p-y)  •cosa.-(AP3+d,)  .sina._        1    ^^^ 

L  sin(d'— ai)  J 

(9) 
p,        y-X2''Sing'-Tri'sin/^i         y  ,-^ 

^'  "■  2  .  sin  i  (Fi-  ^')  sin  i  {Fi  +  ^')      2*  ^  ^ 

T^  r  o      •       .50 

Degree  of  curve  =  2  •  sin-*  -p  • 


CHAPTER  ir 
TuRNODTa  INTO  DivERQiNQ  Trackb 

u. 

To  locate  the  }Tog  poiat  for  a  spur  track  diverging  at  any 
angle  from  a  straight  main  track,  using  a  given  simple  curve 
tangent  to  the  given  spur  and  to  the  heel  of  the  frug,  when  all 
■e  referred  to  Ike  center  lines  of  both  tracks. 


Given:  N  =  Fr<^  number, 
F  —  Frog  angle, 
0  =  G^e  of  track, 
K  =  Distance  point  to  heel  of  frc^. 
R  01 D  =  the  radius  or  degree  of  ^vea  curve. 
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Required: 

X  s  Distance  from  the  point  of  intersection  of 
the  center  line  of  the  given  spur  produced 
with  the  center  line*  of  the  principal  track  to 
the  point  of  frogj  measured  on  the  center 
line  of  the  principal  track. 

A  s  Angle  of  intersection  of  the  center  line  of  given  spur 
produced  with  the  center  line  of  the  principal  track. 
To  be  measured  in  the  field. 

7'  =  /2.tani(A-F)=  Tangent  distance  for  (A  -  F^  of  the 
given  curve.     To  be  computed  or  taken  from  tables. 

Let  AC  be  the  center  line  of  the  main  track  and  let  BI  be 
the  extension  of  the  center  line  of  the  spur  track  intersecting 
AC  at  /.  Measure  angle  BIC  =  A.  Let  angle  IiAC  =  F. 
In  triangle  IiAI 


AI :  All : :  sin  ^  AIJ :  sin  ^  A/7i, 

(NG  +  z):(NG  +  K  +  T)  :  :sin  (A-  F)  :sin  A. 
...        ,^(^0  +  K  +  T)sin(^-F)_^^^ 

smA 

When  X  is  negative  (— )  the  distance  is  measured  from  / 
away  from  the  point  of  switch.  When  x  —  0,  then  /  =  point 
of  frog,  and  when  x  is  positive  (+)  the  distance  is  measured 
from  /  towards  the  point  of  switch. 

The  distance  x  may  also  be  obtained  in  the  following 
manner.  Drop  a  ±  from  /i  on  the  center  line  of  the  main 
track  at  C;  then 

AC  =  I7,sin;^/iAC. 


IC  =  IiC  cot  -^  IJC  =  Ah  sin  ^  IiAC  •  cot  ^IJC 
=  {NG  +  K  +  T)8mFcot  A. 

AC  =  ZTicos  ^/lAC. 

NG-\-x-^IC^(NG  +  K  +  T)  cosF. 
.-.      X  =  l(NG  +  K-\-T)(co8F-  sin  F cot  A)] -  NG.       (2) 

The  work  in  the  field  is  sometimes  facilitated  by  knowing 
the  distance  TTi,  which  may  be  found  as  follows: 


III :  All : :  sin  ^hAI :  sin  ^  A//i, 

YY      ITJsin-^/iA/      iNG  +  K  +  T)amF 

ill  =*   : TTt ~  = 1 W 

sinA//i  smA  ^  ^ 
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Unless  all  the  work  is  new,  in  practice  the  main  track  will 
be  constructed,  in  which  case  it  is  frequently  convenient  and 
timcHsaving  to  refer  the  problem  to  the  center  line  of  the 
diverging  track  and  the  gage  side  of  the  main  track  rail 
in  which  the  frog  is  located.  To  do  this  in  Fig.  9  let  h  be 
the  point  of  intersection  of  the  extension  of  the  center  line 
of  the  diverging  track  and  the  gage  side  of  the  said  main 
track  rail.  Drop  a  perpendicular  from  /  on  the  gage  side 
of  the  main  track  rail  at  /.  Let  P  be  the  frog  point.  Angle 
IhJ  =  A.    Then 

hJ --LJ  cot  :^  II2J--  ^  cot  A,  (4) 

which  is  added  to  a;  as  given  in  (1)  or  (2)  and  is  positive  (-f-) 
for  values  of  A<  90°  and  negative  (— )  for  values  of  A  >90*' 
for  all  values  of  A  from  A  =  /^  to  A  =  (180°-  F). 

^^*"  Sn^llJ  "  2sinA '  ^^^ 

yy-     YY     2(NG  +  K  +  T)amF-G 


At  times  physical  conditions  may  limit  the  distance  x  or 
BI  and  it  is  desired  to  know  the  degree  or  radius  of  curve 
that  may  be  used  to  connect  the  given  frog  and  spur  track. 
Let  the  value  of  x  be  fixed  measure  x  and  A  and  solve  (1)  for  T. 

sm  ( A  —  r ) 
R^Tcoti(A-F), 

Let  BI  be  fixed,  measure  BI  and  A  and  solve  (3)  for  T, 

BI  8m  A-(NG  +  K)  Bin  F 

sin  A  +  sin /^  *  ^^^ 

Solve  for  T,  substitute  value  of  T  in  equation  (1)  or  (2) 
and  solve  for  x. 

Problem  15. 

To  locate  the  frog  point  of  a  spur  track  diverging  at  any  angle 
from  the  outside  of  a  curved  main  tracks  using  simple  curve 
tangent  to  heel  of  frog. 
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l.r„'::;;feS;^]„ 


Fig.  10. 

Given: 

R  =  Radius  of  center  line  main  track  curve, 

R\  =  Radius  of  center  line  of  connecting  curve  tangent 

to  heel  of  frog  and  diverging  track, 
N  —  Frog  number, 

K  —  Distance  from  point  to  heel  of  frog, 
c  =  Spread  of  frog  at  heel, 
F  =  Frog  angle, 
G  =  Gage  of  tracks. 

Measure 

A  =  Angle  of  intersection  between  PH  and  DLj  the 
tangent  to  the  center  line  of  the  main  track 
curve  at  the  point  of  intersection  D. 

Note.  —  When  A  >  90**  the  proper  algebraic  sign  must  be 
given  to  the  functions  of  A. 

Required: 

^  =  Center  angle  of  main  track  curve  between  D  and  C, 

the  point  opposite  the  heel  of  the  frog. 
X  =  DC  =  chord  of  main  track  curve  between  D  and  C 

plus  K. 
(fn  =  Center  angle  of  connecting  curve, 
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DP  =  Distance  from  point  of  intersection  D  to  point  of 

tangency  of  connecting  curve. 

Dh  =  Distance  from  D  to  the  point  of  intersection  of  the 
tangents  to  the  connecting  curve. 

Let  0  be  the  center  of  the  main  track  curve.  Draw  OD  =  R 
and  OC  JL  to  point  rail  of  frog  at  heel.  Draw  OH  J  JL  to  PH 
bXH. 

Let  Qi  be  the  center  of  the  connecting  curve.  Join  OOi. 
Draw  OiP  -L  to  PH  at  P  and  equal  to  Ri.  Draw  OiQ  JL  to 
other  point  rail  of  frog  at  heel  and  draw  OiJ  \\  to  PH.  Ex- 
tend OC  and  OiQ  to  intersect  at  U.  As  stated  before,  DL  is 
tangent  to  center  line  of  main  track  curve  at  D,  the  point  of 
intersection  of  the  center  lines  of  the  main  and  diverging 
tracks.  ^ 

^         2     ^cosiF 
which  without  appreciable  error  may  be  written  HG  +  c). 


OU-^R  +  i{G  +  c), 


OiU  =  Ri  +  iiG  +  c), 
^  UOOi  =  ^  and  ;^  UOiO  =  (F-  e), 


OU  +  OiU  tanJF 


OU-OiU      tsLni(F-2e) 

t.nl(F--2e)^^^Z3^l^-i^^^^;:^i'^ir   (1) 
2  017  + OiU  R  +  Ri  +  G  +  c 

Solve  for  d. 


OH-=OD'  cos  ;^DO/f  =  72  •  cos  A, 
OJ  =OH  +  HJ  ==OH  +  POi  =  R 'C08  A +  Ri. 
Solve  for  07. 


OOi :  OiC/ : :  sin  ^OUOi :  sin  -^  UOOi, 

f/ei  +  ^4^)8in(180~F)     f /?!  +  ^^^  sin  f' 

sin  0  sin  0 


Solve  for  OOi.  

OJ       (-R  •  cos  A  +  Ri)  sin  d 

cos/S  =  cos  :^OiOJ^  =  =  7 TTTTa *       (2) 

00,       (R,+^yj,F 

Solve  for  fi. 
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^-A-03  +  tf).  (3) 

X  =DC  +  A:  =  ^2./e.sin|VA:  (4) 

=  approximately  ^— ^ h  K,  where  ^  and 

D  are  in  degrees  and  decimals. 
^=/?-(F-tf).  (5) 


PH  -  OiJ  =  OOi .  sin  ^  OiOJ  =  OOi  •  sin  /S.  (6) 


PD-^PH-DH  =  PH-  OD -Bin  :(.DOH--PH-R>BmA. 

(7) 

r,  =  P7;  =  7;Q  =  /?i.tan|'.  (8) 

Problem  15,  Case  2. 


Where  DC  is  fixed;  to  find  maximum  Ri, 
Measure  DCj  and  since  R  is  known, 

DC 
0  =  2  •  sin-i  s-^ ,  and  since  A  =  0i  +  /^H-  ^, 

/.      ^1  ==  A  -  (F  +  ^) .     Now  from  Fig.  10, 

(/2+^)sin[(9O-A)-|-0H/2.cosA=/2i-f/2i+^Yco8<?Si. 

f /2H ^^Jcos(A— ^)— -R  'COS  AH ^ — cos^ 

1  —  cos  9i 

i2  •  [cos  (A  —<t>)  —cos  A]  H — ^  •  [cos  (A — 0)  +  cos  ^i] 

vers^i 

(9) 

DP^(R+^^^\co8l{90-A)i-cl>]+(Ri+^^\ 

=( «+^i^Ysin  (A~0) +f /Ji+^^y  sin  g!>, --/e .  sin  A. 

(10) 
D7i=  DP  -  UP  ^  DP-  /?i .  tan^'-  (11) 

In  the  field  it  would  not  be  necessary  to  solve  (9),  (10) 
and  (11)  unless  for  a  check. 
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In  work  from  a  curved  main  track  already  constructed  it 
is  necessary  to  make  some  approximation  owing  to  the  frog 
being  straight.  The  frog  may  be  placed  with  the  frog  point 
actually  on  a  point  of  the  main  track  curve  and  the  main 
track  wing  and  point  rails  tangent  to  the  curve  at  that  point. 
Or  it  may  be  placed  so  that  the  heel  and  toe  of  the  main 
track  point  and  wing  rails  are  on  actual  points  of  the  main 
track  curve.  When  so  located  the  frog  is  a  chord  of  the 
main  track  curve. 

With  CD  fixed,  and  considering  the  frog  a  chord  of  the 
main  track  curve,  set  up  over  C  opposite  the  heel  of  the  frog. 
Turn  II  to  the  frog.  Measure  from  C,  in  the  direction  from 
the  heel  to  the  toe  of  the  frog,  the  distance  {NG  +  K)  and  set 
a  temporary  point.  Set  up  over  this  point.  Sight  on  C, 
turn  the  frog  angle  toward  the  side  of  the  turnout.  Measure 
{NG  +  K)  and  set  a  stake.  This  gives  the  point  Q.  Project 
the  line  to  obtain  the  point  of  intersection  /i.  Measure 
Qh  =  tangent  distance  of  connecting  curve.  Set  up  over  /i. 
Measure  ^  <f>i  =  :(,  QhD  =  Center  angle  of  curve. 

/?i=  QA  •  cot  i  ^QhD  =  Ti  -cot^^ 

While  at  /,  measure  hP  =  Qh  and  set  stake  for  P.  T.  of  con- 
necting curve.  Set  the  center  point  on  the  connecting  curve 
by  the  external. 


Problem  15,  Case  3.  ^V  ^he  distance  PD  is  for  any  reason 
fixed,  to  find  the  distance  DC  and  the  maximum  radius  Ri  for 
connecting  curve  so  thai  P  may  be  the  point  of  tangency  for  the 
connecting  curve. 

From  0  drop  a  ±  on  OiP  produced.  Let  the  point  where 
this  JL  meets  OiP  produced  be  O2.  Let  the  ^  O2OU  =  7 
=  (90  —  A  +  0).     To  determine  the  value  of  7  we  have 


OU  •  cos  7  =  projection  of  0(7  on  OO2, 


OC/  •  sin  7  =  projection  of  OU  on  OiOj, 

(OD  'SinA  +  PD)- OU' coay=  {OC  •  sin  A  +  PD) 

—  OU  *  cosy  ^  projection  of  OiU  on  OO2, 

0^2  =  0^-^P0i=^{0dI-h0H-QU)=(0dJ  +  0H'-CU), 


OiU  +{0H  -CU)-OU '8my=  projection  of  dU  on  O1O2. 
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OiU  makes  with  OO2  the  angle  (F  +  7). 

(OC.smA  +  PD)-0!7.cosT  =  OrC/-cos(F+7)  (12) 
and    OiU+{OH-'CU)-OU'Bmy  =  OdJ'a\n(F-\-y), 


{OH  -  CU)  -  OU -amy  -  -  00/ +  Oit/.sin  (F  +  7) 

=  -  OiC/ .  [1  -  sin  (F  +  t)I.       (13) 

Multiply  (12)  by  [1  -  sin  (F  +  7)]  and  (13)  by  cos  {F  +  7), 
add  (12)  and  (13)  and  simplify. 

[OU  +  (OC  .^in  A  +  PD)  sin  F  -  (OH  -  CU)  coaF]  coay 
+  [(OC  .sin  AH-  PB)  coaF-\-  {OH  -^  CU)  ainF]  sin 7 
=  OC  .sin  A  +  PD  +  0C7  .sinF.  (14) 

Let  tanp 

(QC.sinA-f  PD)co8P-f-(Q5-CZ7)8inF 

0Z7  +  (OC  .sin  A  H- PB)  sin  P  -  (05  -  CC/)  cosF* 

tanp  == 

(R  . sin  A-f-PD)  cos  F+IR  .  cos  A-j  (O+c)]  sin  F 

[i2+i(GfH-c)I+(i2-sinA+PB)sinP-[«.cosA~J(G^+c)IcosP 

which  may  also  be  written 

72  .  sin  (A  +  P)  +  PS  .  cos  P  -  i  (G^  +  c)  sin  F 

tan  p  = ■= . 

R  .  vers  (A  +  P)-f-  PD  -sin  P-f-  i  (0+  c)(l  +  cosP) 
Solve  for  p. 
Also  we  may  write 

A  .sinp  =  (0C.sinA-f-PD)cosP-f-(6^- CE^)8inP.  (17) 

A  .cosp  =  [Ol7-f-(OCsinA-f-PD)sinP-(05~a7)co8P](18) 

From  which  by  squaring,  adding  and  solving  for  A'  we  have 

A* -  (OC  .  sin  A  +  PDY  +  0U^  +  {0H  -  CU)' 

+  2'0U  '  [(OC  .sin  A  +  PD)  sinP  -  {OH  -  CU)  cosP]. 

A2=  {R -am  A+PD)'+lR+i  {G+c)f-\-lR  'coa  A-  i  {G+c)¥ 
+  2  'IR  +  i  {G  +  c)] '  \{R  -ain  A  -f-PD)  sinP 

-  [72  .  cos  A  -  i  (G^  +  c)I  cos  P } .  (19) 

Solve  for  A. 

From  (14),  (17)  and  (18), 


A  cos  p  cos  7  -f-  A  sin  p  sin  7  =  OC  .  sin  A  +  PD  -\-  OU  .  sin  P; 
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Divide  by  A  and  simplify. 

cos  (7  —  p)  = -^ (JO; 

Solve  for  (7  —  p).    Since  p  was  obtained  from  (16),  7  is 

known.    But 

7  =  90  -  A  +  ^. 

<?S  -  (7  +  A)  -  90.  (21) 

DC=2.i2.sin|.  (22) 


^i=A-(/^  +  <?S).  (23) 


From  (12), 

{OC  .  sin  A  +  PS)  -  Ol7  .  cos  7 


Oif/  = 


cos  {F  +  7) 
22  .sin  A  +  PD  -  f/e  +  ^^y  cos 7 


.^^ -     .  (y+c     (24) 

'      *                            cos(F  +  7)  2 

r,=  /2i.tan^'.  (25) 

B7I=  BP-/;P=  DP -/?i.  tan  ^'.  (26) 


Summary  of  Problem  15 
Case  1.    Given,  R  and  Ri,  N,  K,  c,  P,  G  and  A. 

tanHP-2.)=^^^;^^^_^^taniP.  (1) 

^^^^(/e.cosA  +  ^Qsin^^  (2) 

(/ei+^)8inP 

<f>^A-(fi  +  e).  (3) 

a;=f2./2.sin|Wii:.  (4) 

=  Approximately  - — jz 1-  K, 

where  <f>  and  D  are  in  degrees  and  decimals. 
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*i=^-(F-d).  (5) 

PH=^-^ =—l- sin/3.        (6) 


PD^PH-R'sm^.  (7) 

Ti^R,*tm^'  (8) 


Case  2.    Given  DC,  R,  AT,  K,  c,  F,  G  and  A. 


^=  A-(F  +  s6). 

(R'\ s—  )»cos(A— ^)  —ft  -cos  AH s — cos^i 
..i^ =— ^ ^ \ = 

1  —  cos  01 

G  +  c 
ft  [cos  (A  — ^)  —COS  A]  H ^ — [cos(A  — ^)  +  cos^i] 

= T W 

vers  01 

DP=(ft+^i^]  .  sin  (A-0)H-f  fti+^i^^ .  sin  ^i-  ft  •  sin  A. 

(10) 

Dri=5P-fti.tan^'-  (11) 

Case  3.    Given  DP,  ft.  AT,  K,  c,  F,  (7  and  A. 
tanp  = 

(ft  .  sin  A+PB)  . cos F+(ft  .  cos  A-^y^\sin  F 

(ftH-^±^W(ft.sinA+PB).sinF-(ft.cosA-^i^ycosF 

(16) 
Solve  for  p. 

A«=(ft.sinA  +  P5)*+fft+^±^Y+fft.cosA-^±^Y 

4-2  .(ft  +  ^y-^y  [(ft  .sin  A  +  PD)  sinF 

-fft-cosA-^i^^cosFJ.  (19) 

Solve  for  A. 
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R'8inA  +  PD  +  (R  +  ^±^ )  sin  F 

cos(7-p)  = ^ =— ^ (20) 

A 

Solve  for  y, 

^  =  (7  + A)- 90.  (21) 

5C  =  2.-R.sm|.  (22) 


=  approximately  ^— 1^ h  K^  where  ^  and  D  are  in  de- 
grees and  decimals. 

4>i=A-{F  +  e).  (23) 

iJ.sinA  +  PD-f^  +  ^-t^^osT       ^  . 

i2i= ^^ ^—l- ^^.  (24) 

cos(F  +  7)                               2  ^^ 

Ti=fii.tan^'-  (25) 


D/i  =  DP  -  Ti.  (26) 

To  solve  Problem  15,  Case  3,  is  not  extremely  difficult,  as 
it  will  be  noted  that  a  number  of  the  quantities  necessary  to  be 
calculated  are  the  same  in  the  various  equations.  However 
for  all  practical  purposes  it  is  generally  sufficiently  accurate 
to  solve  graphically  not  only  Case  3,  Problem  15,  but  all  the 
cases  of  both  Problem  15  and  Problem  16. 

Thus  in  Problem  15,  Case  1  (Refer  to  Fig.  10), 

(a)  Draw  accurately  to  as  large  scale  as  convenient  the 
center  line  ABODE,  At  any  point  D  lay  off  a  tangent  to 
the  curve,  as  DL.  Draw  D/iP,  the  center  line  of  the  given 
straight  track,  making  with  the  tangent,  DL,  the  angle 
IiDL  =  A. 

(b)  On  tracing  cloth  strike  an  arc  of  indefinite  length 
with  the  radius  of  arc  ABODE.  At  any  point  on  this  arc, 
say  C,  draw  a  chord  toward  B  equal  to  the  length  of  the 
frog.  Extend  this  chord  from  0  a  distance  NG  -\-  K.  From 
this  point  lay  off  the  frog  angle  F  towards  Q  and  on  this  Hne 
measure  NG  +  K  which  will  give  Q,  the  point  opposite  the 
heel  of  the  frog.    Tangent  to  the  last  line  at  Q  draw  an  arc 


TUBNOUTS    INTO    DIVERGING   TBACKS  41 

of  indefinite  length  and  of  radius  Ri.  Place  the  tracing 
over  the  original  drawing  and,  keeping  the  arc  ABODE  of 
the  tracing  coincident  with  the  arc  ABODE  of  the  drawing, 
move  the  tracing  around  the  original  arc  until  the  curve 
tangent  at  Q  is  also  tangent  to  the  given  straight  line  DIiP. 
Prick  the  points  P,  0  and  Q  through  on  the  original  drawing. 

Case  2.     When  DO  is  fixed. 
(a)  Proceed  as  in  Case  1,  (a). 


(b)  On  the  original  drawing Jocate  0  from  D  since  DO  is 
fixed.  From  0  draw  a  chord  OB  equal  to  the  length  of  the 
frog.  Extend  this  chord  from  0  through  B  a  distance  equal 
to  NG  +  K,  From  this  point  lay  off  the  frog  angle  F  toward 
Q.  On  this  line  measure  NG  -\-  K  which  gives  Q,  the  point 
opposite  the  heel  of  the  frog  and  also  the  P,  C.  of  the  con- 
necting curve.  Extend  this  line  to  intersect  the  given  straight 
line,  DhPf  at  /i.     Measure  Qh  =  Ti  and  angle  QID  =  0i. 

Then  make  T^P^Qh'    Ri=  Ti  cot^'  and  A=  2  -sin-i^- 


Case  3.     When  PD  is  fixed. 

(a)  Proceed  as  in  Case  1,  (a). 

(b)  On  tracing  cloth  strike  an  arc  of  indefinite  length  with 
radius  R  equal  radius  of  arc  ABODE  of  the  original  drawing. 
From  any  point  0  to  B  draw  a  chord  equal  to  the  length  of  the 
frog.  Extend  this  chord  from  0  through  B  a  distance  equal 
to  NG  +  K.  From  this  last  point  lay  off  the  frog  angle  F 
towards  Q.  On  this  line  measure  NG  +  K,  which  gives  the 
point  Q  opposite  the  heel  of  the  frog.  Extend  this  line 
indefinitely.  Place  the  tracing  over  the  original  drawing 
and,  keeping  the  arcs  ABODE  coincident,  move  the  tracing 
around  the  original  curve  until  Qh  =  hP.  Prick  the  points 
7i,  Q  and  0  through  on  the  original.  Measure  QA=  7^ 
=  Ti.    Measure  angle  QhD  =  0i.    Also  measure  DO  and 

50 

2 -    """     R,' 

The  rail  lines  may  be  used  in  the  above  graphical  methods, 
if  preferred.  The  author  has  always  preferred  to  work  from 
the  center  lines  so  that  the  work  in  the  office  and  the  field 
may  be  on  the  same  basis.  The  various  cases  of  Problem  16 
may  be  solved  in  a  similar  manner. 


angle  DOO  =  0.     Ri=  Ti  cot  ^  and  A  =  2  .  sin- » 
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Problem  16,  Case  1. 

To  locate  the  frog  point  for  a  spyr  track  diverging  at  any  angle 
from  the  inside  of  a  curved  main  track,  using  simple  curve  tan- 
gent to  the  heel  of  the  frog. 

When  fi  COB  A  < /?i. 


Fig   U. 

Given:    R  =  Radius  of  center  line  main  track, 

Ri  ==  Radius  of  center  line  of  connecting  track  tan- 
gent to  heel  of  frog  and  diverging  track, 
N  =  Frog  number, 

K  —  Distance  from  point  to  heel  of  frog, 
c  =  Spread  of  frog  at  heel, 
F  =  Frog  angle, 
G  =  Gage  of  tracks. 

Measure  A  =  ^  LDH  =  angle  of  intersection  between  HPO, 
the  center  line  of  the  diverging  track  pro- 
duced, and  DLj  the  tangent  to  the  center  line 
of  the  main  track  curve  at  the  point  of  inter- 
section. 


Required: 


^  =  Center  angle  main  track  curve  between  the 
point  of  intersection  D  and  the  heel  of  the 
frogC, 
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X  =  DC  =  Chord  of  main  track  curve  between 

D  and  C,  plus  K, 
4n  —  Center  angle  of  connecti&g  curve, 
Ti  —  Qh  =  hP  =  tangent  distance  to  connecting 

curve, 


DP  —  Distance  from   point  of  intersection   D  to 

point  of  tangency  P  of  connecting  curve. 

Dh  =  Distance  from  D  to  the  point  of  intersection 
of  the  tangents  to  the  connecting  curve. 
Let  ACDE  =  Center  line  of  main  track, 

HP  =  Center  line  of  diverging  track, 
HPD  =  Center  line  of  diverging  track  produced, 
DL  =  Tangent  to  center  line  of  main  track  at  D, 
point  of  intersection  with  HD. 

Let  0  be  the  center  of  the  main  track  curve.  From  0 
draw  OD  =  R,  Draw  OC  ±  to  frog  at  heel.  Let  Oi  be 
the  center  of  the  connecting  curve.  Join  OOi.  Through  0 
draw  JOH  ±  to  PH  a,t  H.  From  Oi  draw  OiP  ±  to  P^ 
at  P  and  equal  to  R\.  Draw  OiQ  ±  to  other  point  rail  of 
frog  at  heel.  Extend  OiQ  to  intersect  OC  at  U,  From  Oj 
draw  OiJ  \\  to  PH. 

2 

CU  =  QU  —  iG  -\ ?-=;,  which  may  be  written  without 

cos  I  F 

appreciable  error. 

CU^QU^i(G  +  c), 
OU^R-i(G  +  c). 
OiU=-Ri-\-i(G  +  c), 
^  UOOi  =  e,        ^OOiU  =  7.        (y+9)^  180*-  F. 

OU+WU      taxii(y  +  0)  ^       tan  H180  -  F) 
017-0^ 'tanJCy-^)      tanJ[180-(F-h2d)l 

cot^F        _tajii(F-\-2e) 
"cotJ(FH-20)  taniP 

•••       tanl(F  +  2<»=^_^+^^_^tanlF.         (1) 
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Solve  for  0, 

7  =  180  -  (F  +  $). 
OH  ^OD'Cos  ^DOH  =  /E .  cos  A. 
OJ  =  JH-OH  =  POi-OH  =  Ri-  R'coa^. 

Solve  for  OJ. 


OiOiOiif::  sin  ^OUOi :  sin  ^  UOOi. 

G  +  c' 


OiO  =  ^ 


Ri  + 


'\  sin  F 


sind 

Solve  for  M,  

a            ^f\f\i      ^J        (i^i  —  -R  •  COS  A)  sin  ^  ,„. 

cos/3  =  cos  4.O1OJ  =  =^  =  -^T r: r^ (2) 

Solve  for  /9. 

0  =  180  -  (A  +  d  -f  /3).  (3) 


(4) 


X  -  CD  +  K  =  ( 2  .  iJ .  s  in  I W  i^ 

=  approximately 

^  (in  degrees  and  decimals  of  a  degree)  X  100 
D  (degree  of  curved  track  in  degrees  and  decimals) 

S&i  =  Ct  -  /?)  =  180  -  (F  +  ^  +  /3).  (5) 

Ti=iei.tan|^  (6) 


+  K, 


DP  =  DH-PH=-DO'  sin  ^  DOH  -  OiJ 

=  DO  .  sin  iCDOH  -  OO  •  sin^OiOJ 

=  ie.sinA-a0.sin/3.  (7) 

Wi^DP-Ti.  (8) 

The  above  demonstration  is  entirely  general  and,  by  giving 
the  various  trigonometric  functions  their  proper  sign,  will 
solve  correctly  all  the  special  cases  of  Problem  16  herein 
demonstrated,  i.e.,  Cases  1,  2,  3,  and  4. 

Problem  16,  Case  2. 

When  R  •  cos  A  =  Ri. 

tani(f  +  2*)  =  ^-|±§3-^tan|F.  (1) 
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Solve  for  d, 

7  =  180  -  (F  +  d). 

^  =  90  -  (A  H-  d). 

=  approximately  ( ^  X  100  ]  +  /C, 
^here  <f>  and  D  are  in  degrees  and  decimals. 


(2) 
(3) 

(4) 


iRi 


I 


t* 


.-^. 


>k~*— -^— j^*to 


'V 


Fig.  12. 


01=7-90  =  18O-(F  +  0+/3). 
Ti=i2i.tan^'- 


DP=-  DH-PH=^  R -sin  A- 


i 


Ri+ 


G  +  c 


Dh^DP-hP  =DP-ri. 


"jsinF 


sin  9 


(5) 
(6) 

(7) 
(8) 


Problem  16,  Case  3. 

When  R  •  cos  A  >  ft. 


R  +  Ri 


R  —  R\  —  G  — 


-  tan  -  F. 
c        2 


(1) 
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Solve  for  9. 

■Y=im-{F  +  9). 


Solve  tor  OJi. 

OOi  :5rU: :  Bio  ^OiVO :  mn  ^0,0U. 


Solve  for  Wi. 

coa  ^OiOJ -\<xm  (180 -^0,0J)=  cm  {180  -S 


TUKN0UT8   INTO 


Solve  for  ff. 


eoBff  = 


(«.+^)-' 


+  K 


•p  -  180-  (A+9  +  P, 

x-DC  +  K  =  (2.R 

.      ,  ,    AX  100  ,   „ 
=  approniQatelj'  S— -g —  +  K, 

where  ^  aitd  D  are  in  d^reea  and  decimaU. 
^=(y-^)=180-(F  +  P  +  (S). 
r,-B,.tan^". 
'BP  =  DH-Pi{-Dn-Oji 

=  So  .  sin  ^DOH  -  OiO  -  sio  ^  (180  -  OiOJ) 
-R -am  A- 0,0 -Brng.  0 

DIi-DP-Ti.  (I 

ProMem  U,  Case  4. 
Where  A>  90°. 


(5) 
(6) 
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Solve  for  e.    Then  7  =  180  -  (F  +  0). 

OJ  ^  OH +HJ^Dd 'COS  ^DOH-hPOi 
=  /e.cos  (180-A)  + A=iBi--B*coflA. 

Solve  for  OJ. 


OOi  :OiU::  sin  ^OiUO :  sin  ^OiOU. 

G  +  c' 


00i=^ 


Ri+ 


-  J  •  SI 


sin  F 


Solve  for  OOi. 

cos  /3  =  cos  ^  OiO  J  = 

Solve  for  fi. 
^=180-(A-f  ^-f /3). 


sind 

OJ       (Ri—  R'Cos  A)  sin  tf 


OOi 


( 


«i+ 


G  +  c 


J -si 


sinF 


(2.72. sin  1^ 


x=-  DC +  K:=- 12' R'Bin^]-\-K 


=  approximately  ^— k h  ^, 

where  ^  and  D  are  expressed  in  degrees  and  dedmab... 

01=  (7-/3). 

Ti^iiJi.tan^'. 


(e 


DP^DH-PH  =  DH-  OJ  =  /)0  •  sin  ^ZX^/T 


OOi .  sin  ^ OiO J  =  i2.sin(180-A)-OOi.ffln^.  .1 


=r  i2  •  sin  A  —  OOi  •  sin  /3. 


D/i  ==  DP-Ti. 

Problem  16,  Case  5. 

Where  DC  is  fixed. 

In  either  of  the  Cases  1,  2,  3,  or  4  when  S^  is  fixed  the 
radius  Ri  of  the  connecting  curve  and  the  other  necessary 
distances  and  angles  for  the  solution  of  the  problem  may  be  j 
determined  as  follows,  care  being  taken  to  use  the  proper 
algebraic  signs  of  the  trigonometric  functions. 

Take  Case  3,  Fig.  13,  since  DC  is  fixed  and  known. 


(/)  =  2  'Sin-^ 


DC 
2R 


01  +  F  =  A  +  0. 

0i=(A  +  0)-F. 


(1) 


(2)  J 
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=  /ei- 

/J.cosA—  [ft  — 


i  (G^  +  c)l  •  cos  (A -f  0) 
[fti  +  HGf  +  c)l .  cos  01. 
i  (G+c)]  -COS  (A+<?^)  +  HG^+c)co80t 


vers<^i 


»JePS  A-  C08(A  +<^)]-h  i  (C?  +  C)  ♦  [C08(A  +</))  +  C08(^i| 


vera  01 


(3) 


50 
_.  D  =  Degree  of  curve  =  2  •  sin-  ^  ^  •  (4) 

tt-p/^  =  [i2_§(G  +  c)]  .sin(A-f-0)-[fti+ J  (G^  +  c)l8in0i. 

WPmiDH-PH^R  . sin  A-  [ft  -  i  (G^  +c)I  •  sin  (A  +  0) 

+  [fti  +  i  (Gf  +  c)] .  sin  01.  (5) 

^*^  (6) 

(7) 


Mem  I69  Case  6. 

VfJ  for  any  reason  the  distance  DP  is  fixed,  to  find  the  distance 
and  the  maximum  radivLs  fti  for  the  connecting  curve  so 
the  point  P  may  be  the  point  of  tangency  of  the  connecting 
For  example  take  Case  3,  Fig.  13. 

{'  Draw  a  line  through  0  \\  to  DPH.     Drop  a  ±  from  U  upon 
line  at  O2.     Let  the  angle  UOOi  -  a.    Then 


OU  •  cos  a  =  projection  of  0(7  on  Od. 

06/  •  sin  a  =  projection  of  0(7  on  OH. 
OU'COBa-  (DH-PD)  =  projection  of  Ojj  on  00^. 
OU- Bin  a-  (oh  -  OJP)  =  projection  of  OjJ  on  OH. 


(1) 


I  Oit/  makes  with  OO2  the  angle  (F  -\-a). 

Ol7 .  cosa  -  (57/ -  PD)  =  Of/,  cos  (F -fa) 

uid       Ol/.sina-(OS'-0;p)  =  0;i7.8in(f -f  a). 
5l7.sina  -  [(05  +  QZ7) -(o:P  + Qt7)l  =07A  .sin  (F+a). 
OU-ama-  (OH  -f  QC7)  =0177  -sin  (F  +  «)  -  0(7 

=  -al7[l-sin(F+a)].  (2) 

Multiply  (1)  by  [1  -sin  (F  +  a)\  and  (2)  by  cos  (F  +  a\ 
Add  (1)  and  (2)  and  simplify: 

[OU  +  (DH  -  PD)  sin  F  -  (OH  +  QZ7)  cos  F]  cos  a 

+  [(D5  -  P5)  cos  F  +  (Off -f  e(7)  sin  F]  sin  a 

^  DH- PD +  0U  -aiJiF.  (^\ 
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Let  tan     =        (5i^  ~  ^)  coaFH-  {OH  +  QU)  sin  F 

'^      0l;  +  (5S-PD)8inF- (05  +  Q17)cosF' 
tanp  — 

(jg»sinA-PD)co8F4-[ig-co8AH-K^4-c)]smF 
[/2-i((7+c)H-(i2.8inA-PD)8inF-[/?.cosA+§(Gf+c)]co8F 

(4) 
which  might  be  written 

jB  .sin  (A -f  F)  -  PD.  cosF4- HG^ +c)  sinF 
tain  p  = n^ • 

R  .  vers  (A  +  F)  -  PD  •  sin  F  -  J  (G^  +  c)  (1  +  cos  F) 

We  may  also  write 
il  sin  p  =  {dR  -  PD)  cos  F  +  (OZf  +  QC7)  sin  F         (5) 
and il cosp  =01/4- (DH -PD) sinF -  (O^  +  Ql/) cosF. (6) 

Square,  add,  simplify  (5)  and  (6)  and  solve  for  A*. 

A*=[(DH-PD)coaF-\-{OH  +  QU)8mF7 

+  [0U  +  (DH  -PD)  ain  F  -  (OH  -^  QU)  COB  F]\ 

A*^OlP-]-(DH-PDy  +  (OH  +  QU)* 

+  2'0U-[(DH-PD)sinF-(0H  +  QU)coaF] 

A*=  [fi  -  i  ((?  +  c)p  H-  (fi  .  sin  A-  PD)* 
4-[«.cosA4-i(Gf  +  c)p 
+  2  .  [iJ  -  J  (G^ -f-c)] .  j(/?  .sin  A- PD) -sinF 
-  [«  .  cos  A  -f-  HG^  -f  c)]  cos  F| .  (7) 

Solve  for  A. 

Then  from  (3),  (5)  and  (6), 

A  cos  p  cos  a  H-  A  sin  p  sin  a  =  D//^  —  DP  +  Ot/  •  sin  F. 

Divide  by  A  and  simplify. 

,^,          X      fi  -sin  A-  DP  +  [ie  -  HG^  -f  c)]sinF 
COS(a  — p)= ^j (8) 

Solve  for  (a  —  p).  Then  since  p  is  known  from  (4),  a  becomes 
known  and 

0  =  9O*»-(A+a).  (9) 


X  -=  DC  -{-  K  ^  I2  - R .smi\-{-  K. 

=  approximately 
^  (in  degrees  and  decimals  of  a  degree)  X  100 
D  (degree  of  curved  track  curve  in  degrees  and  decimals) 


(10) 


^K. 
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From  (1) 

r,  _lR'-i(G  +  c)]co8a-R'amA  +  PD     I .^  ,.  .... 

^' C08(F+a) 2^^^'^'  (^^^ 

^1=90^- (F+a).  (12) 

Ti^Ri'tSLU^'  (13) 


DIi^DP-Ti.  a4) 

As  a  general  proposition  Ri  should  never  be  greater  than  Rj 
though  in  case  the  £rog  point  comes  near  the  P.  T.  of  the 
main  track  curve,  it  might  be  practicable  to  use  Ri  >  R. 

When  A  =  90°  it  is  evident  that  the  center  Une  of  the 
diverging  track,  or  the  center  line  produced,  passes  through 
the  center  of  the  main  track  curve,  in  which  case  maximum 

^i*"       o  ivo  IP       (approximately). 
z  cos  t 

When  A  >  90*^  the  center  line  of  the  diverging  track  passes 

between  the  main  track  at  the  turnout  and  the  center  of 

the  main  track  curve,  and 

„      R  covers  (A-  90°)  -  (G  +  c)  .      ^  , 

maximum  Ri  = ^—^ ^ ^^ approxunately. 

2  cos  F  srsr  J 

When  the  center  line  of  the  diverging  track  falls  beyond 
the  center  of  the  main  track  curve,  considered  from  the 
switch  A  <  90°  and  for  any  given  values  of  jBi,  R  and  F, 

m.^m„Tn  A-  .n«-l  /?!  SJU  {F  ■\- O)  -  [R  '  h  (G  +  c)]  siu  F 

maximum  A  —  cos   * =— ; — ,„  ,  ^. 

i2  sin  (F  +  e) 

and  approaches  90°  as 

Ri '    /n  t  i! approaches  zero. 

sm  (F  -f  0)  ^^ 

When  A  is  maximum  <j>  =  180°-  (A  +  0), 

^=  180°-  {F  +  e)  =  (180°- t). 


CHAPTER  III 


Crossovers 

Problem  17. 

To  locale  the  fro§  points  for  a  crossover  between  paraUd 
tracks,  using  frogs  of  same  number  and  straight  track  hed  to  hed 
of  frogs. 


Br~ 


E- 


K      NG    ^vC   X    ^1^     NQ«  M 


'J 


Fig.  16. 


Given:       N  =  Frog  number, 
F  =  Frog  angle, 
G  ==  Gage  of  tracks, 

P  =  Perpendicular  distance  center  to  center  of 
tracks. 
Required:  x  —  Distance  point  to  point  of  frogs  measured 

II  to  center  line  of  either  main  track. 
Let  EH  and  EiHi  represent  the  center  lines  of  the  main 
tracks. 

Let  AB  he  the  center  line  of  the  crossover  ||  to  the  frogs 
and  intersecting  EH  at  A  and  EiHi  at  B.     Drop  a  ±  from  B 
upon  EH  at  D.     4.  BAD  equals  F. 
AD  ^  BDcot  ^BAD  ^  P  -coiF, 
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Since  the  frogs  are  of  the  same  number  the  distance  from 
A  and  B  to  the  point  of  frog  =  NG. 

AD  =2NG  +  x  =  P'CoiF, 
/.      x-^P'CotF-2NG. 

An  approximate  formula  for  x  is 

X  -iV(P-2G) 

which  is  slightly  in  error,  the  error  decreasing  as  N  increases. 
A  more  correct  formula  is 

P 


X  =  N(P-2G)- 


4N 


Problem  18. 

To  locate  the  frog  points  for  a  crossover  hetvoeen  parallel  tracks 
using  frogs  of  different  number  and  simple  curve  tangent  to  heels 
of  frogs. 


Q.-J' ts^^L^^> ^Ae 


-G- 


*1^G* 


^- 


>^^ N,G H 


Fig.  16. 

Given:    iV  and  iVi=  Frog  numbers, 

F  and.Fi=  Frog  angles,     (F>  Fi) 
K  and  K\  =  Distance  point  to  heel  of  frogs, 
G  =  Gage  of  tracks, 

P  =  Perpendicular  distance  center  to  center 
of  tracks. 
Required:   x  —  Distance  point  to  point  of  frogs  measured 

II  to  center  line  of  either  main  track, 
R  =  Radius  of  curve  tangent  to  heels  of  frogs. 

In  Fig.  16  let  DE  and  AB  represent  the  center  lines  of  the 
given  parallel  tracks . 

Let  AC  be  the  center  line  of  the  crossover  ||  to  frog  F  and 
let  CE  be  the  center  line  of  the  crossover  jj  to  frog  Pi.    Let 
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P  =  -L  distance  center  to  center  of  given  parallel  tracks. 
Through  C  draw  BD  ±  to  parallel  tracks.  T  =  tangent  dis- 
tance. 


CE--N1G  +  K1+T. 
P  =  BC+ CD  =-{NG-{'K+T)mELF+(NiG+Ki+T)  sin  Fi, 

.     ^_  P-  [(ATG  +i^)sinF  +  (NiG -{-Ki) am Fi]  ,,, 

••    ^  sin  F  +  sin  Fi  ^^^ 

x--TB-^DE-(NG  +  NiG)  =iNG  +  K  +  T)co8F 
+  (iViG  -^Ki-^T)  cos  Pi  -  (ATG  -h  iViG).  (2) 

Substituting  for  T  in  (2)  the  value  given  in  (1)  and  simpli- 
fying, 

x  =  ^limG  +  K^)-(NG-^K)]^^^,^^-(NG  +  NiG)^ 

H-P.coti(P  +  Pi).  (3) 

i2=!rcoti(P-Pi).  (4) 

The  same  result  may  be  obtained  by  working  with  thff 
chord  of  the  curve  tangent  to  the  heels  of  the  frogs,  thus: 

Pjj^     ,  ^  P  -  UNG  +  K)  sin  P  +  (NiG  +  Kr)  sin  Pi] 

sin  i  (P  +  Pi) 
X  =  (iVG  -h  iS:)  cos  P  -h  chord  X  cos  i  (P  +  Pi) 

-h  (iViG  +  Xi)  cos  Pi  -  (NG  -h  iViG), 

which  reduces  to  equation  (3),  and  the  radius  of  the  curve 
tangent  to  the  heel  of  the  frog  would  be  given  by  the  equation 

p  —  chord 

^"'2sini(P-Pi)* 

In  equation  (3)  it  will  be  noted  that  for  any  two  given 
frogs  the  expression  inside  of  the  bracket  is  constant  and 
that  for  different  values  of  P,  x  will  vary  as  the  product/ 

p.  cot  HP  +  Pi). 

It  is  further  interesting  to  note  that  if  in  the  beginning  P 
had  been  reduced  by  the  quantities  (NG  sin  P  +  NiG  sin  Pi), 
then  calling  this  difference  P'^  P-  (NG sin P  +  NiG sin  Pi), 
and  solving  for  x,  we  find 
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which  is  of  the  same  form  as  equation  (4),  Problem  4,  for  the 
switch  lead. 

The  radius  of  the  curve  tangent  to  the  heels  of  the  frogs 
varies  as  P,  since  the  central  angle  remains  constant,  and  no 
practical  advantage  would  be  obtained  by  such  a  combina- 
tion when  the  radius  of  the  curve  tangent  to  the  heels  of  the 
frogs  is  less  than  the  radius  of  the  lead  curve  for  the  frog  of 
greater  angle,  frog  F,  Fig.  16. 

For  the  arrangement  given  in  Problem  18,  P  should  be  a 
minimum  when  the  radius  of  the  curve  tangent  to  the  heels 
of  the  frogs  equals  the  radius  of  the  lead  curve  for  the  frog 
of  greater  angle.     Calling  this  radius  Rp^ 

X  minimum  '^  Up  tan  j  \P  —  r\) 

__  P  -  [(JNTG  H-  iS:)  sin  F  +  JNxG  +  Ki)  sin  Fi] 

sin  F  +  sin  Pi 

/.    Pminimum  =  Rp  tan  \{F  —  Pi)  (sin  P  -h  sin  Pi) 

-h  [{NO  -h  K)  sin  P  +  {NiQ  +  Ki)  sin  Pi] 
= /J^  (cos  Pi  -  cos  P)  +  [(ATG  +  iiC)  sm  P 

+  {NiG  +  Ki)  sin  Pij.  (5) 

Similarly  no  advantage  would  be  gained  in  track  alignment, 
and  economy  of  space  would  be  lost,  if  the  radius  of  the 
curve  tangent  to  the  heels  of  the  frogs  was  greater  than  the 
radius  of  the  lead  curve  for  the  frog  of  less  angle,  frog  Pi  of 
Kg.  16. 

Therefore  for  the  arrangement  given  in  Problem  18,  P 
should  be  a  maximum  when  the  radius  of  the  curve  tangent 
to  the  heels  of  the  frogs  equals  the  radius  of  the  lead  curve 
for  the  frog  of  less  angle.    Calling  this  radius  Rp^^ 

Pmaximum  =  Rp^  (cos  Pi  —  COS  P) 

+  [{NG  +  K)  sin  P  -h  {NiG  +  Ki)  sin  Pi].         (6) 

For  any  two  given  frogs  when  P  is  greater  than  the  value 
given  by  equation  (6)  the  frog  distance  should  be  obtained 
as  follows: 

Problem  19. 

To  locate  the.  frog  points  for  a  crossover  between  parallel 
tracks,  using  frogs  of  different  number  and  simple  curve  tangent 
to  the  hed  of  the  frog  of  less  angle  and  to  the  line  of  the  frog  of 
grecUer  angle  produced,  and  to  determine  the  length  of  the  tan- 


56 


TRACK    FORMUL-ffi 


gent  adjacent  to  the  heel  of  the  frog  of  greater  angle,  the  radius 
of  the  given  curve  being  equal  to  the  radius  of  the  lead  curve 
for  the  frog  of  less  angle. 


--i^ ^D — -:2^^^^^ 


Fig.  17. 

Given:    N  and  Ni  =  Frog  numbers, 

F  and  Fi  =  Frog  angles,     (F  >  Fi) 
K  and  Ki  =  Distance  point  to  heel  of  frogs, 

Rp^  —  Radius  of  curve  tangent  to  heel  of 
frog  Fi  =  Radius  of  lead  curve  for 
frog  Fi, 
G  =  Gage  of  tracks, 

P  =  Perpendicular  distance  center  to  cen- 
ter of  parallel  tracks. 
Required:  Tsp  =  Tangent  back  of  or  adjacent  to  frog  F, 

X  =  Distance  point  to  point  of  frogs  meas- 
ured parallel  to  the  center  line  of  either 
parallel  track. 
Under  the  condition  of  this  arrangement  ^P  cannot  be  less 
than  maximum  P  given  by  equation  (6)  of  the  preceding 
problem,  and  for  this  problem  such  value  for  P  is  the  mini- 
mum; therefore  ^ 
Pmin  =  2  Rp^  sin  i  (F  -  Fi)  sin  §  (F  +  Fi) 

+  l(NG  +  K)  sin  F  +  (NiG  +  Ki)  sin  Fi],  (1) 

or 

=  Rp^  (cos  Fi  -  cos  F)  +  l(NG  +  iiC)  sin  F 

+  (NiG  +  Ki)  sin  Fi]. 
For  any  value  of  P  =  >  Pmin 

P^iNG-^K  +  TBP+TjsmF-^iNiG-^Ki-Ji-T^BmFu 
.    m         P  -l(NG  +  X  +  r)  ain F+  (NiG  -^Ki  +  T)  sin F,] 

(2) 
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Since  Rp^  is  known, 

T^Rp^'tasiiiF-  Fi). 
Substituting  this  value  for  T  in  (2), 

P-  \  I^F,  (co8  F,  -  COS  f)]  +  \(NG  +  K)mnP  +  (Ar,(7  +  Jf,)  sin  F,]  | 

rinF 

P  -  Pmin 


sinF 


-  (P  -  Pmin)  COSeC  P.  (3) 


X  =  [  (iVG  +  iC)  COS  P  +  2 .  i2|P, .  sin  J  (P  -  Pi)  COS  HP  +  Pi) 
+  (NiG  +  i2:i)  cosPi]  +  Tbf'COsF. 

Under  the  conditions  of  the  problem  the  quantity  within 
the  brackets  is  constant  for  any  two  given  frogs,  and  might 
also  have  been  expressed  by  equation  (3)  of  Problem  18  by 
calling  P  =  Pmin.    Substituting  the  value  of  Tbf  given  in  (3), 

a;  =  [(i\rG  +  iC)  cos P+ 2 . /J|P^ . sin  i  (P- Pi)  cos  i  (P+ Pi) 
+ (NiG  +  K)  cos  Pi] + (P  -  Pmin)  cot  P,  (4) 

or 

+  Pmin  cot  i  (PH-  Pi)  +  (P  -  Pmin)  COt  P. 

Equations  (3)  and  (4)  might  readily  have  been  written 
from  inspection  of  the  Fig.  17. 

When  P  =  Pmin,  then  Tbp  =  0  and  the  last  term  of  equa- 
tion (4)  =  0. 

In  the  application  of  this  problem 

First:  Solve  equation  (1)  for  Pmin. 

Second:  Solve  equation  (3)  for  Tgp. 

Third:  Solve  equation  (4)  for  x. 

For  any  given  value  P',  having  obtained  the  value  of  T^p 
and  X  for  any  other  value  of  P,  as  long  as  P'  =  >  Pmin,  for 
any  two  given  frogs 

T'bf  =  Tbp  +(P'-  P)  cosec  P, 
a;'  =  a; +  (P'-P)  cot  P, 

attention  being  given  to  the  algebraic  sign. 
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Problem  20. 

To  locate  the  frog  points  for  a  crossover  between  paraUel 
trackSy  vising  frogs  of  same  number  and  reverse  cwroe  of  equal 
radii  tangent  to  the  heds  of  the  frogs. 


-^ ^.^^^^--i^Br V 


-\ 


■^ 


-NG— * 


0> 


Fig.  18. 


Given:  N^  Number  of  frogs, 
F  =  Angle  of  frogs, 
K  =  Distance  point  to  heel  of  frogs, 
c  =  Spread  of  frogs  at  heel, 
G  =  Gage  of  tracks, 

P  =  Perpendicular  distance  center  to  center  of  par- 
allel tracks, 
R  =  Radius  of  reverse  curve  tangent  to  heels  of 
frogs,  equal  to  the  radius  of  the  lead  curve 
for  good  practice. 
Required:  <j>  -  Angle  at  center  for  reverse  curve, 

X  =  Distance  point  to  point  of  frogs  measured 
parallel  to  the  center  line  of  either  par- 
allel track, 
T  =  Tangent  distance  for  reverse  curve. 

From  the  sjrmmetry  of  the  figure  the  point  of  reverse 
curve  will  fall  midway  between  the  parallel  tracks  and  also 
midway  between  the  frog  points  as  measured  parallel  to  either 
parallel  track.  Let  0  be  the  center  of  the  reverse  curve. 
Let  B  be  a  point  on  the  center  line  of  the  crossover  opposite 
the  heel  of  the  frog  which  is  also  the  P.  C.  of  the  curve.     Let  C 
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be  the  P.  R.  C._^  the  reverse  curve.  Draw  the  radii  OC  and 
OB.  Extend  OB  to  U,  Drop  a  _L  from  O  upon  the  center  line 
of  the  parallel  track  at  J.  Drop  Js  from  'C  and  U  upon  OJ 
at  H  and  D  respectively.  Let  Bi  be  a  point  on  the  center  line 
of  the  parallel  track  opposite  the  heel  of  the  frog.  Draw  BiH^ 
J-to  ABi  and  ||  to  OJ,  intersecting  OU  a,t  U. 

4.COB  =  ^  and  ^BOJ  =  ^BABi^  F, 


OJ  =  Of/  .cos  ^BOJ  +  UBi  =  (r  +^^yco8F+' 
OH  =  OJ-HJ^(R  +  ^-^ycoaF+ 


2 


G  +  c      P 
2  2 


COB  :^  COJ  ^  cos  U  COB +^  BO  J) --  = 

OC 


(«iM 


COS  /'  H ^ 2 


cos  (F  +  0)  =  :^ ^— g -'  (1) 

Solve  for  <f>. 


HC  =  OC  sin  :^  COJ  =  i2  •  sin  (F+  0), 
mC--HC-  HHi  ^HC-UD^  HC  -  Ol/.sin  ^  C70J 

=  12  .  sin  (F+ 0)  -  f  12  +  ^±^y  sin  F, 

-2.(F^+X)  =  2r/2.sin(F+9i)-/ft+^±^ysinF+i?] 
=2 .  12 .  [sm  (F  +  0)  -  sin  F]  -  (O  +  c)  sin  F  +  2  iiC.  (2) 

y  =  12.tan|.  (3) 

The  value  of  x  might  also  be  found  as  follows:  311 

a;  =  2|[(iV(?-|-iiC).cosF-iVO]-|-2./2.sin|.cos(F-|-|)| 

=  2 (ii: .cosF-iVO.versF)  +  4 .12.sin| . cos/f-I- ly 

The  value  of  x  may  also  be  found  in  the  following  manner, 
since  having  found  the  value  of  0  the  value  of  T  may  be 
conveniently  taken  from  the  table  of  the  functions  of  a  1^ 
curve. 


=  2[(i\rO  +  X)cosF-i\r(?]+4./2.sin|.cos 
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X  =  2{(iNrO  +  iC)  .cosF+  r [cosF+  cos  (F+  ^)]}  -  2iV0 
=  2(Jf?.co8F-Ar(?.ver8F)+2!r[cosF+co8(F4-0)]. 

Equations  (1)  and  (2)  may  be  written  as  follows: 

(2  .i2  +  (7 +  c) .  cosF-hG  +  c- 


cos(/^+9i)  =  [^ 


2R 


•]-("<  A) 


(1) 

a;  =  2.iK.sin(F+^)-[(2./J  +  G  +  c).sinF-2Jf?],      (2) 

from  which  it  is  noted  that  the  expressions  within  the  brackets 
are  constant  for  any  given  frog  and  radius.  Therefore  having 
obtained  cos  (F-h^)  and  x  for  any  value  of  P  for  any  given 
frog  and  radius,  for  any  other  value  of  P,  say  Pi, 

cos  (P+  9^0  =  cos  (P-h  s^)  -  (Pi  -  P)  2^' 
xi  -  X  +  2 .  iJ .  [sin  (P+  ^i)  -  sin  (P+  0)], 
proper  attention  being  given  to  the  algebraic  sign. 

Problem  21. 

To  locale  the  frog  points  for  a  crossover  between  paraUd 
tracks^  using  frogs  of  different  number  and  reverse  curve  of 
different  radii  tangent  to  the  heels  of  the  frogs. 


— -^ -j^J^:^'. 


Ifj^^-j --^ 


s 


Q^- 


Given:   N  and  Ni 

P  and  Pi 

K  and  Ki 

cand  ci 

R  and  Ri 


Fig.  19. 

Frog  numbers. 
Frog  angles,     (P  >  Pi) 
Distance  from  point  to  heel  of  frogs, 
Spread  at  heel  of  frogs. 
Radii   of  reverse   curve   tangent   to 
heels  of  frogs, 
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G  =  Gage  of  tracks, 

P  =  Perpendicular  distance  center  to  cen- 
ter of  parallel  tracks. 
Required:  ^and^  =  Center  angle  of  reverse  curve  tangent 

to  heels  of  frogs, 
T  and  Ti  =  Tangent  distances  to  reverse  curve. 

X  =  Distance  point  to  point  of  frogs  meas- 
ured parallel  to  the  center  line  of 
either  of  the  parallel  tracks. 

Let  BzAi  and  JB%  be  points  on  the  center  line  of  the  given 
parallel  tracks.  Let  BCBi  be  points  on  the  center  line  of  the 
reverse  curve.  B  is  opposite  the  heel  of  frog  F,  C  is  the 
P.  R.  C.  of  the  reverse  curve  and  JBi  is  opposite  the  heel  of 
frog  Fi,  AB  and  BiAi  are  center  lines  II  to  the  point  rails  of 
the  frogs  and  intersect  the  center  lines  of  the  parallel  tracks 
JB2  and  BiAi  at  A  and  Ai. 

Let  0  and  Oi  be  the  centers  of  the  reverse  curve.  Draw 
the  radii  OB  and  OlS.  Draw  OOi  through  C.  Extend  OB 
to  U  and  OiBi  to  Ui. 

Let  Bi  and  Bz  be  points  on  the  center  lines  of  the  parallel 
tracks  opposite  the  heels  of  the  frogs.  Draw  ^2^2  and  BtHz 
±  to  JB2SLad  BzA  and  intersecting  OU  and  OiUi  at  U  and  Ui. 
Draw  OJ  and  OiJi  ±  to  JB2  and  BzA  at  J  and  Ji.  Extend 
07  to  Q.  p^w  0^  II  to  JB2  and  BzA,  Through  C  draw 
HHi  ±  to  OQ  and  OiJi  at  H  and  Hi  and  intersecting  B2H2 
and  BzHz  at  H2  and  fl^s.  Draw  C/D  and  UiDi  ±  to  OJ  and 
OJi  at  D  and  A.  ^  UOQ  =  F,  ^  C0C7  =  ^,  ^  C7iOi/i=  Fi 
and  ^C0iC7i=^. 


OQ=OJ+OiJi-P 


=  OD  +  D J  +  OiDi  +  DiJi  -  P 
«  OD  +  L^2  +  OlA  +  CTISi- P 


OC/ .  cos  ^  C/OQ+  UBi+OiUi  •  cos  ^  C/A/i  +  C/iB,-P 
■^     2  • 
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COS  (F  +  0)  =  COS  (Fi  +  95.1)  =  =  = 

(2'R-{'G-{'c)'C08F+i2'Ri+G+Ci)'C08Fi+2G+c+Ci'-2P 

R  -{-  Ri  .-V 

Solve  for  <f>  and  ^1. 


HHi  =  QOi  =  OOi .  sin  ^  QOOi  =  (i2  +  i2i)  •  sin  (F  +  ^). 
HHl^DU^OU'Bm^^UOQ^  (/E +  ^y^VsinF. 

Z^5;=  (AA=  Ol^  .sin  ^r/iOiJi  =  f/ei  +^±^']  .sinFi. 


X 


H2H3  =  HHi  —  HHi  —  HzHi 

=  (/2+/ei)  .sin (F+9i)-f /e+^y  sinF-figi+^^VsinFi. 

=  («+iei).8in  (F4-0)  -  [f  i24-  ^ysinF-h(i2i+  ^YsinFi 

-{K^  K,)^ .  (2) 

Or  the  value  of  x  may  be  written  from  the  figure  as  follows: 
=  [(iVG  +  ii:)  cos  F -h  2  .  12  .  sin  I  •  cos^F  +  |^ 

+  2  .  iiJi .  sin  ^  cos  f  Fi  +  ^' W  (ATiGf  +  iiCi)  .  cos  Fi] 
-  {NO  +  NiG). 
r  =  i2.tan|.  (3) 

T,  =  i?i  tan  ^ .  (4) 

a;  may  again  be  shown  to  be 

X  =  [{NG^K  +  T)  -cosFH-  (T  +  Ti)  -  cos  (F  +  ^i) 
+  (NiG  +  iCi  +  Ti)  .  cos  Fi]  -  (ATG  +  NiG) . 

As  in  the  preceding  problem,  from  equations  (1)  and  (2) 
above  it  may  be  shown  that  having  solved  cos  (F  -h  ^)  and 
X  for  any  value  of  P  for  any  two  given  frogs  and  radii,  for  any 
other  value  of  P,  say  P2, 

cos(F  +  ^)=cos(F  +  <^)-  [(P2-P)^-1J. 
X2  =  x  +  (J?  +  i2i)  .  [sin  (F  +  ^)  -  sin  (F  +  ^)1. 


CHAPTER  IV 

CONNECJTING  TRACKS 

Problem  ^. 

To  locate  the  frog  points  for  a  connecting  track  between  two 
diverging  straight  tracksy  using  frogs  of  different  number  and 
reverse  curve  of  different  radii  tangent  to  the  heels  of  the  frogs. 


^- — ^ — ^ 


rlSjX':!-. 


Fig.  20. 

Given:  The  center  lines  of  the  two  diverging  tracks  UV 

and  VW  that  extended  intersect  at  V  and  the 

location  of  the  point  of  the  frog  in  UV  which 

is  fixed; 

A  =  Point  on  center  line  of  UV  opposite  point  of 

frog  Fi, 
ATi  =  Number  of  frog  at  A, 
Fi «  Angle  of  frog  at  A, 
Ki  =  Distance  point  to  heel  of  frog  at  A, 
Ci  =  Spread  at  heel  of  frog  at  A, 
Ri  —  Radius  of  center  line  of  curve  tangent  to  heel 
of  frog  at  Af 
63 
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N  =  Number  of  frog  in  VW, 
F  —  Angle  of  frog  in  VW, 
K  =  Distance  point  to  heel  of  frog  in  VWy 
c  =  Spread  at  heel  of  frog  in  FW, 
R  =  Radius  of  center  line  of  curve  tangent  to  heel 

of  frog  in  VW, 
G  =  Gage  of  tracks. 
Obtain  in. the  field:  DE  =  distance  -L  to  the  line  of  frog  Fj 
from  D  on  the  center  line  of  the  connecting  track  opposite 
the  heel  of  frog  Fi  to  the  point  E  on  the  center  line  of  VW. 
A  =  ^  DEV. 
Required:  ^  and  ^i  =  The  center  angles  of  the  reverse  curve 

tangent  to  the  heels  of  the  frogs, 
T  and  Ti  =  The  tangent  distances  to  the  reverse 

curve, 
X  =  The  distance  measured  on  the  center 
line  of  UV  from  A  to  a  point  on 
the  center  line  of  C7F,  a  perpen- 
dicular from  which  will  pass 
through  N,  a  point  on  the  center 
line  of  VW  opposite  the  point  of 
frog  F. 

Procedure:  From  A  towards  V  measure  AB  =  NiG.  From 
B  measure  (BC-^CD)  ^  (NiG  +  JgQ,  making  the  angle  ABD 
=  Fi  with  UV.  From  D  measure  DE  ±  to  BD  and  inter- 
secting VW  At  E.     Measure  ^  DEV  =  A. 

Extend  DE  to  Oi,  making  £)Qi=  Ri.  From  Oi  through  T, 
the  point  of  reverse  curve,  draw  OiO  ='  OiT  -{-  TO  —  (R1  +  R). 
Let  P  and  N  be  points  on  the  center  line  of  the  connecting 
track  and  VW  respectively,  opposite  the  point  of  frog  F.  Let 
^  NQP  ^F,QP^  QN  =  NG,  PM  =  K.  Draw  OiJJI  to 
VW.  Draw  OM  ±  to  QM  at  M  and  =R^  Extend  OM  to 
intersect  VW  at  L  and  OJ  at  J.  Draw  JH  \\  to  OiE.  Then 
JH  =  OiE. 

^  HU^  ^QLM^  (90**-  F), 
ic  LHJ-^  t  HJO1--  t  HEOi==  t  DEV^  A. 
LJiiDr.sin  ^LHJism  ^HLJ. 

Yj       (igi-5^)sinA  ^  (fii-.M)sinA 
^"     sin  (90°- F)  cosF 
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ML  =  (QP  +  PM)  .tan  ^  NQP=^  {NG  +  K)  -taxtF, 
OJ  --OM+ML+LJ 

cosF 
sin  ^  OOiJ  :sin  ^  OJOi : :  OJ  :00i, 

^OOiJ-9O°-(F4-0). 
coB(FH-^)  

^  [R  « co8F+(iV(?  +  i^)  sin  F+JRi  -  DE)ain  a]  ■  sin  (90'*+/^) 

(i2  +  Ri)  cos  /^' 

/? -cosFH- (iVG +  if)sin/^  + (/Ji- M)  sin  A 
^^ R  +  R, —'  ^^^ 

^(2   R  +  G-\'c)  ■  COB  F  -\-  0  -\-  c  +2  (Ri-  DE)  »  sin  A 

2{R  +  Ri) 

Solve  for  (F  +  ^). 

0  =  (F  +  0)  -  F.  (2) 

01=  90°  H-FH-0- A.  (3) 

!r  =  fi.tan|.  (4) 

Ti-ZBi-tanl.  (5) 

X  =  Projection  of  (^A  +  7i7  +  7q)  on  C77-  (35  +  the 
projection  of  NQ  on  (77). 
/.  X  =- IWi'Coa  :^ABri  +  TJ 'Coa(^ ABh  +  ^DOiO) 

+  /Q_.  cosX^ A5/i  H-^  DOiO  -  J^ilfOT)! 

-  [AB  +  NQ  .  cos  ^  (7FTF). 

X  -  [(NiG  +  /Ti  +  Ti)  cosFi+  (ri  +  7').cos  (Fi  +  ^i) 
+  {NG  +  K-\'  T) .  cos  (Fi  +  9^1-  0)1 

-  {iViG  +  NG .  cos  [90°  -  (A  -  Fi)]} . 

«  =  [(ATiG  +  if  1  +  r,) .  cos  Fi  +  (n  +  r) .  cos  (Fi  +  0x) 
+  (ATG  +  iS:  +  r)  -cos  (Fi4-  01-  0)1 

-  [iViG  +  NG  .  sin  (A  -  Fi)].  (6) 

If  for  physical  reasons  it  is  impossible  to  measure  DE  in 
the  field  or  less  convenient  than  to  measure  the  distance 
BV,  then  the  distance  BV  and  the  angle  UVW  may  be 
measured  and  DE  calculated.  Thus  in  Fig.  20,  with  BV 
and  ^UVW  known,  drop  a  ±  from  B  upon  VW  at  Bi, 
Drop  a  ±  from  D  upon  VW  at  Jgi.  From  B  draw  BZ>i  ||  to 
VW.    Extend  J^iD  to  intersect  BDi  at  A;  then 
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BBi=  DiD  +  DEi  and  :^EiDE  =^^DiBD  =  (A  -  90). 
A  =  90+Fi-^C/FPF. 

SID  =  5D .  sin  ^  DiBZ) 

=  {NiG  +  Xi)  sin  (A-  90)  =  -  {NiG  +  ifi)  cos  A. 

=  B7 .  sin  [90  -  (A  -  Fi)]  -  BV  •  cos  (A  -  Fi). 


Z>jE?i  =  BBi  -  DiD  =  BF  •  cos  (A  -  Fi)  +  (ATiG  +  Ki)  cos  A. 
D^  DEi 


DE-- 


cos  ^  J^iD^      cos  (A  -  90) 

^  BF » cos  (A  -  Fi)  +  {NiG  +  i^i)  cos  A  .^. 

sin  A 
Under  the  conditions  of  the  problem 

^C77TF=  [90**-  (A-  Fi)]  >  0, 

therefore  A  must  be  less  than  (90  +  Fi).    Therefore  the  value 

of  DE  given  above  is  true  for  all  values  of  A,  since  cos  (A  —  Fi) 

and  sin  A  are  always  positive  (+)  and  since  cos  A  will  be 

negative  (— )  when  A  is  greater,  and  positive  (-h)  when  A  is 

less  than  90. 

When  A  =  90°  angle  UVW  =  Fi  and  BD  is  ||  to  VW,  in 

which  case  the  problem  may  be  solved  as  shown  above;  or, 

if  DEj  which  is  ±  now  to  FW,  is  small,  say  13  to  16,  or  18 

feet,  or  even  more  if  economy  of  space  is  not  essential,  a 

simple  curve  tangent  to  the  heel  of  frog  Fi  in  UV  and  to  the 

line  produced  of  frog  F,  in  VW^  may  be  used. 

p 

In  this  case  extend  BD  to  /i,  making  Dh  =  Ti  =  iJi  •  tan  s-* 

At  /i  turn  -^F  towards  VW  and  obtain  the  point  of  inter- 
section of  this  line  and  VW.  From  this  intersection  measure 
NG  towards  F,  which  will  properly  locate  the  point  of  frog  F 
in  FTF. 

To  find  an  expression  for  x  under  the  above  assumption. 
Let  Tbf  =  Tangent  adjacent  or  back  of  frog  F  and  between 
the  heel  of  frog  F  and  the  P.  T.  of  the  connecting  curve,  then 

5^=  (iVG  +  X -h  Tb/j.  +  TO  sin  F, 

TBF-^-(NG-\-K  +  Tih 

X  =  {NiG  +  Ki-^  Ti)  cos  Fi 

+  (NG+K  +  Tbf  +  Ti) -coe  (F  +  Fi) 
-  (NiG  +  NG  •  cos  Fi) 
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^(NiG  +  Ki-\'Ti--NG)co6Fi+DE^^^^^-NiG. 

When  Fi  is  >  F  and  A=  (90  +  F)  then  ^ UVW  =  (Fi-  F) 
and  BD  is  II  to  QMy  and,  as  before,  when  DE  is  small  the 
track  between  the  heels  of  the  frogs  may  be  made  straight. 
In  this  case  simply  extend  BD  to  an  intersection  with  VW 
and  measure  from  this  intersection  towards  V  the  distance 
NGf  which  will  give  the  proper  location  for  the  frog  point  F 
inVW. 

To  find  X  in  this  case, 

X  =  (M  .  cot  F  H-  NiG  -f  Ki) .  cos  Fi 
-  [NiG  +  NG'COB  (Fi  -  F)]. 

Problem  !83. 

To  locate  the  frog  points  for  a  connecting  track  between  two 
converging  straight  tracksy  using  frogs  of  different  number  and 
reverse  curve  of  different  radii  tangent  to  the  heels  of  the  frogs. 


v/- 


^•m^-m   ^^  ^^w^^  ^B—    ^mm  ^J  ^p^  ^^    M^  ^bb  ^^  ^^  « 


■*«v 


Fig.  21. 

Given:  The  center  lines  of  the  two  converging  tracks  UV 
and  WV  that  extended  intersect  at  V  and  the 
location  of  the  point  of  the  frog  F  in  WV,  which 
is  fixed, 
**iV"  =  a  point  on  the  center  line  of  TTF  opposite  the 
point  of  frog  F, 
N  =«  Number  of  frog  F  in  WV, 
F  =  Angle  of  frog  in  WV, 
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K  =  Distance  from  point  to  heel  of  frog  F, 
c  =»  Spread  at  the  heel  of  frog  F, 
R  »  Hadius  of  center  line  of  curve  tangent  to  the 

heel  of  frog  F, 
Ni  =  Number  of  frog  Fi  in  {77, 
Fi=  Angle  of  frog  in  C/F, 
Ki  =  Distance  from  point  to  heel  of  frog  Fi, 
ci  =  Spread  at  heel  of  frog  Fi, 
Ri  —  Radius  of  curve  tangent  to  the  heel  of  the 

frog  Fi, 
G  =  Gage  of  track. 


Obtain  in  the  field:  ME  =  Distance  -L  to  the  line  of  frog 
F  from  M  on  the  center  line  of  the  connecting  track  opposite 
the  heel  of  frog  F  to  the  point  E  on  the  center  line  of  UV. 
A=^^MEV. 

Required: 

(/>  and  (/n  ==  Center  angles  of  reverse  curve, 
T  and  Ti  =  The  tangent  distances  to  the  reverse  curve, 
X  =  The  distance  to  measure  on  the  center  line 
of  WVj  from  the  point  "^"  opposite  the 
point  of  frog  F  to  a  point  on  the  center  of 
WV  a  perpendicular  from  which  will  pass 
through  A  a  point  on  the  center  line  of 
UV  opposite  the  point  of  frog  Fi. 


Procedure:  From  N  towards  W  measure  NQ  =  NG,  From 
Q  measure  QM  =  (QP  +  PM)  =  (NG  +  K),  making  the  ^  NQM 
=  F  with  WV.  From  M  measure  ME  ±  to  QM  and  inter- 
secting UV  at  E.  Measure  ^MEV  =  ^HEO  =  A.  Extend 
ME  to  0,  making  MO  =  R.  From  0  draw  OH  ±  to  UV  at  H. 
From  0  through  T,  the  point  of  reverse  curve,  draw  OOi  = 
(07  -^JT+  TOi)  =  (/2  +  Ri),  Let  A  be  a  point  on  the  center 
line  of  UV  and  C  a  point  on  the  center  line  of  the  connecting 
track  opposite  the  point  of  frog  Fi  in  UV,  Let  angle  ABD 
=  Fi.  From  Oi  draw  OiD  ±  to  BD  and  =  Ri,  From  0%  draw 
0i5±_to  t/y  at  5  and  from  D  draw  DL ±  to  Oi-S  at  L.  Let 
III  =  IT  -\-  Til  =  common  tangent  to  reverse  curve.  Extend 
QM  to  I  and  BD  toll.  Then  Af/ = /T  =  T  and  T/i  =  AD  =  Ti 
=  tangent  distances  to  reverse  curve.  ^M0T^4>}  ^DOiT= 9^, 
^C;7TF=[90*»-(A+F)],  ^DOiS^-Fi. 
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OH^-iMO-ME)  .sin  ^HE0^{R-ME)  -sin A, 
OliS  =(03; H-  LS)  =  OD  . cos  ^DOS  +  BD  •  sinAB/> 

=  A  .  cos  Fi  +(iVi(7  +  Ki)  '  sin  Fi, 


cos  4.JO1S  =  --^= — =-| 
Oi J  +  JO 

,_.   ,^,     i2i.co8Fi+(AriGH-ii:i).8inFi+(i2-M^).sinA 
cos  (Z'  I  +0i)  = pXp 

^(2»/gi-fG+ci)'COsFiH-(?-fci-f2(/g-Ml)«siDA 

Solve  for  (Fi  +  «^i). 

^i  =  (Fi  +  «-Fi.  (2) 

^/fO£?H- ^£?0J  =(90*»-A)  +  <^  =(Fi  +  i^), 

<^=(Fl^-s^^-A)-9o^  (3) 

!r  =  i2.tan|.  (4) 

Ti^/JJi-tanl'.  (5) 

X  =  The  projection  of  (Ql  +  //i  +  /i-B)  on  WV  minus 
(QiV'  +  the  projection  of  AB  on  WV). 

X  -  Q/.cos  ^iVQAf  +  //i  •cos(^iVOAf  +  ^MOT) 
+  iiB  .  cos  UNQM  +:^MOT-  ^  TOiD) 

-  (QiVH-JB.cos^C/FTT), 

a;=(iV(7  +  X  +  r)  .cosF+(r  +  T,)  .cofl(F  +  ^) 
+{NiG  H-  Xi  +  Ti .  cos  (F  +  ^  -  i^i) 

-  {ATGf  +  iViGf .  cos  [90**  -  ( A  +  F)]} , 

x={NG  +  K  +  T)  .cosF+(7'  +  Ti).cos(F  +  ^) 

H-(AriGf  +  ii:x  +  !ri)-cos(F  +  9^-^)  ^ 

-  [NG  +  iViG  .  sin  (A  +  F)].  (6) 


If  for  physical  reasons  it  is  impossible  to  measure  ME  in 
the  field  or  if  it  is  less  convenient  to  measure  ME  than  the 
distance  NV  and  the  angle  UVW,  FT  and  -^  UVW  may  be 
measured  and  ME  and  A  may  be  calculated.  Thus,  with 
NV  and  :^UVW  known  QV  =  {NV+NG)  is  known,  and 
since  ^C/7TF  =  90-(A  +  F), /.  A  =  90-(-^C/7TFH-F)  and  is 
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also  known.  The  J-  distance  from  Q  to  UV^QV-sin^  UVW. 
The  projection  of  QM  on  thisJ.  =  QM  -  sin(^  UVW+  ^  NQM), 
Then  QF.  sin  ^UVW- QM -sin  (^  UVW +^NQM)f^  J- dis- 
tance from  M  to  C77,  and  this  ±  -^  sin  ^  MEV  =  ME,    .'. 


QK .  sin  ^  UVW -QM' am  (:^  UVW +^  NQM) 


^^^~  sin^M^V 


ME^ 


QV-an  [90  -(A  -f  F)]-iNG  +  K)  -sm  (90  -  A) 

sin  A 

QV'Coa{A  +  F)-{NG  +  K)  -cos A 


sm  A 


Solve  for  ME  and  proceed  as  outlined  above. 

Under  the  conditions  of  the  problem  ^  UVW=  [90**  -  (A+F)) 
>  0.  .'.  maximum  A  must  be  less  than  (90  —  F).  .*.  equa- 
tion (7)  is  true  for  all  values  of  A.  

When  A  =  90°-  {F  +  Fi),  then  ^  UVW  =  Fi  and  BD 
is  parallel  to  IFV.  In  which  case  the  problem  may  be 
solved  as  outlined  above  in  equations  (1)  to  (7)  or  by  the 
use  of  a  simple  curve  tangent  to  the  heel  of  frog  Fi  and  to 
the  line  of  frog  F  produced.  Thus  the  point  N  being  fixed, 
measure  NQ  =  NG  on  TTF  toward  W.  From  Q  turn  the 
^NQM=  F,  giving  the  line  of  QM.  Extend  QM  to  inter- 
sect UV,  Set  up  over  this  point  of  intersection.  Sight  on 
U  and  read  the  angle  between  U  and  Q;  this  should  equal 
(F  +  Fi).  Locate  the  point  of  frog  Fi  by  equation  (1), 
Problem  14,  where  A  and  F  of  Problem  14  are  equal  to  (F+Fi) 
and  Fi  respectively. 

Or  to  determine  x  as  required  in  Problem  23.     Assuming 

ME  known  either  by  measurement  or  calculation, 

A=90-(F4-Fi),  ^UVW-^Fu  and   ri^/Ji-tan^, 


MI^ .  sin  A  =  {Tbf-^  Ti) .  sin  (F+  Fi) + (NiG  +  K1  +  Ti)  •  sin  Fi, 


rp     ^  ME .  COS  (F+  Fi)  -  (NiG  +Ki  +  TQ  .  sin  Fi  _ 
^''  sin  (F+  Fi)  ^ ' 

=  ]^.tanA-^^-^  +  ^-  +  ^-)-«^°^-^r, 

cos  A 

x--iNG  +  K  +  Tbf+  Ti)  .  cos  F+(NiG  +  Ki  +  Ti) 
-(NG  +  NiG'OoqFO. 
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When  it  is  impossible  or  inconvenient  to  measure  ME^ 
then  X  may  be  determined  as  follows. 

Qy  .sin  Fi-CiVC  +  X  +  Tbf-{-Ti)  -sin  (F+  Fi) 

+(iViGH-A'i+ri).sinFi, 

Tb/.^ sin  (F+  FO (iVG  +  iiT  +  ro, 

a;  =  (iVa  +  X  +  r^^  +  Ti)  .  cos  F+(NiG  +  Xi  +  Ti) 
-  {NG  +  iViG  .  cos  Fi) 

^iQV- (NiG  +  Ki  +  Ti)]  sin  Fi  cos  F 
sin(F+Fi) 

+ {NiG  +  /S"!  +  Ti)  -  (iVG  +  iVi<?  •  cos  Fi) . 

Again  when  F^  F  and  A  =  (90**  -  Fi)  then  ^  C7FTF=  (Fi  - F) 
and  BD  is  II  to  QM.  This  case  may  be  solved  by  Problem  23, 
or  if  economy  of  space  does  not  prevent,  the  track  between 
the  heels  of  the  frogs  may  be  made  straight.  Thus  with  the 
point  "iV"  fixed,  measure  the  distance  NQ  =  NG  towards 
W  on  the  center  line  of  W.  Set  up  aUJ,  turn  ^NQM  =  F, 
which  gives  the  line  QM.  Extend  QM  to  intersect  UV, 
Measure  on  the  center  line  oi  UV  from  this  point  of  intersec- 
tion in  the  direction  of  U  the  distance  NiG  to  the  point  A, 
which  locates  the  point  of  frog  Fi  in  UVj  or 

X  =  [(ATG  +  X)  +  Me .  tan  a]  cosF- [iVCH- A^i(? -cos  (Fi-F)], 


X  =  ^^'^'p^p     ^^  cos  F-ING  +  NiG  -  cos  (Fi-  F)]. 

In  general,  Problem  22  may  be  solved  by  the  use  of  a 
figure  similar  to  that  of  Problem  23  or  vice  versa.  Problems 
22  and  23  are  used  only  where  economy  of  space  is  neces- 
sary. Where  space  will  permit,  it  would  seem  best  practice: 
First,  with  point  A  fixed,  to  measure  ^  UVW  in  any  manner 
most  convenient,  then  to  run  in  sufficient  curve  tangent 
to  the  heel  of  frog  Fi  so  that  the  tangent  to  the  curve  will 
make  ^F  with  WV.  Extend  the  tangent  to  intersect  WV, 
measure  on  the  center  line  of  WV  towards  V  the  distance  NG, 
which  will  locate  the  point  N. 

Second,  with  the  point  N  fixed,  extend  the  line  of  frog 
F  to  intersect  UV,  measure  the  angle  of  intersection  and 
locate  the  point  A  by  equation  (1),  Problem  14. 
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Problem  U. 

To  loeaU  the  frog  paints  for  a  eonnecHng  track  betuxen  two 
trUerseeling  straight  tracks,  utmg  frogs  of  different  number  and 
a  simpU  curve  tangent  to  the  heels  of  the  frogs. 


Given:  AD  and  BD,  the  center  lines  of  the  two  intersect- 
ing straight  tracks,  intersecting  at  D, 
N  and  ^i  =  Frog  numbers, 
F  and  Pi  =  Frog  angles, 
K  and  Ki=  Distaoce  point  to  heel  of  Srogp, 

R  —  Radius  or  curve  tangent  to  heel  of  frogs, 
0  =  Gage  of  tracks. 
Measure  in  the  field 

A  =  ^LDB. 
Required: 

_  jr^  I  Instance  from  point  of  intersection  o(  center  lines 
^  ~  -j^  I     of  given  tracks  to  points  on  the  respective  center 

' "        'I     lines  opposite  points  of  frt^. 
Let  E  and  E,  =  points  on  center  lines  of  given  tracks  oppo- 
site points  of  (ro^    Measure  EA  =  NG  and   EiB  =  NiO. 
From  A  lay  off  AC,  making  ^  CiAC  —  F  and  intersecting 
BD  at  C.    From  £  lay  off  B^  intersecting  AD  at  Ci  and 
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making  ^  CBCi  =  Ft,  Let  AC  and  BCi  intersect  at  /  so 
that  AI"  A  J  —  BI—  BJi  =  tangent  distance  for  connecting 
curve.  Let  ^  LDB  =  A,  ^  DCI  =  (A  -  F),  ;^  />Ci/  =  (A  -  Fj) 
and  ^  C/B  =JC  JOJi=_lA-  (F+FQ]  =  center  angle  of  curve. 
AH  =  ATG,  /f  J  =  K,  JiHi  =  ITi  and  HiB  =  iViG. 

T^7r/^77  =  /g.tant^^(^/^-)J.  (1) 


/C  = 


/C  :B/::8in  ^  CB/:sin  ^  BCI. 

(  M;  H-  5y;  +  Jil)  sin  CB/  ^  (NiG  +  Ki  +  T)  sin  Fi 
sin  ^  DC/  sin(A-F) 


AD  :  AC  ::sin  ;^  DC/:sin  ^  CDA. 
_(AH  +  HJ  -\'JI  +  W)  sin  ^  DC/ 


sm  ^  CDA 


x  +  ATC 

[(NG  +  K  +  T)  +  (^-g  +  ^;+ y;'°  ^-j  Bin  (A-  f ) 


-ATG.  (2) 


-  ATiC.  (3) 


sin  A 
a;  = 

(NG  +K+T)'  sin  (A -F)  +  (NiG  +Ki  +!r) ' sin  Fi 

sin  A 
Similarly 

(Ari(?  H-/S:i-f  r)  » sin  (A  -Fi)  -f  (JNTg  +K-\'T)  ■  sin  F 

sin  A 

When    AT  =  ATi,  F  =  Fi,  and  K  =  Xi,    then 

T^R'tsm^"^^'  (1) 

^^^^(iV(?  +  /S:-fr)[sin(A->F)-f8inF]      ^^^ 
^    *  sin  A 

(NG-\'K  +  T)coaHA-2F)     ^^  ^2) 

cosi 

Problem  ZS. 

To  locate  the  frog  points  for  a  connecting  track  bettveen  the 
outside  of  a  curved  track  and  any  intersecting  straight  track. 
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using  frogs  of  different  number  and  simple  cujcve  tangent  to  the 
heels  of  the  frogs. 


\ 
\ 


Fig.  23. 

Given:  ACE  and  VHf  the  center  lines  of  the  given  tracks, 

intersecting  at  D, 
N  and  Ni  =  Frog  numbers, 
F  and  Fi  =  Frog  angles, 
K  and  Ki  =  Distance  point  to  heel  of  frogs, 
c  and  ci  =  Spread  of  frogs  at  heel, 

R  =  Radius  of  given  curved  track, 

Ri  —  Radius  of  connecting  track  tangent  to  beds  of 

frogs, 
G  =  Gage  of  tracks. 
Measure  in  the  field, 
A  =  -^  LDV, 
Required : 

(/>  =  Center  angle  of  given  curved  track  between  point 

of  intersection  D  and  heel  of  frog  F  at  C. 
</)i  =  Center  angle  of  connecting  track  curve  tangent 

to  heels  of  frogs, 
Ti  =  Tangent  distance  for  connecting  curve, 
DC  =  Chord  of  given  curve  between  D  and  C,  the  heel 
of  frog  F, 
X  =  DC  +  X  =  Distance  from  D  to  point  of  frog  E, 
DP  =  Distance  from  D  on  center  line  of  given  strai|^t 
track  to  point  of  frog  Fi. 
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Let  Aj,  C,  D,  E  represent  points  on  the  center  line  of  given 
curved  track  and  let  V,  B,  P,  /,  D,  H  be  points  on  the  center  line 
of  the  given  straight  track.  D  =  point  of  intersection.  DL  = 
tangent  to  center  line  of  given  curved  track  at  point  of  inter- 
section.    ^  LDV  =  A. 

Let  0  —  Center  of  given  curved  track.  Through  0  draw 
JH  -L  to  VH  at  H.  Let  C  be  point  on  center  line  opposite 
the  heel  of  frog  F.  From  0  draw  OD  =^0C  --R.  ^  COD  =  </>, 
^  Z>0/f  =  (180  -  A).  Let  Oi  b^the  center  of  the  con- 
necting curve.  From  Oi  draw  OiJ  X  to  VH  and  intersect- 
ing JH  at  J.  Join  OOi.  Let  ^  OiOJ  =  /3.  Let  Q  and  S  be 
points  on  the  center  line  of  the  connecting  curve  opposite  the 
heels  of  the  frogs  F  and  Fi  respectively.  Q  and  S  are  therefore 
the  P.  C.  and  P.  T.  of  the  connecting  curve.  From  Oi  draw 
O^  =  0i5  =  Ri.    Extend  OC  and  OiQ  to   intersect   at    U. 

OU  and  Ojj  are  ±  to  the  heel  of  frog  F  and  CU^  ^=  ^ 

-h  '     Let  /  be  a  point  on  the  center  line  of  the  given 

2cos^ 

straight  track  opposite  the  heel  ^f^  frog  Fi.  Draw  //i  X  to 
VH  and  Oi*/  and  intersecting  OiJ  at  /i.  Extend  OiS  to 
intersect  7/i  at  Ui.     OiUi  and  //i  are  -L  to  the  heel  of  frog 

Fi  and  SUi=TUi=  ^  H ^-     From  Oi  draw  OTF  X  to 

2  COS  ^ 

VH&t  V  and  II  to  //i.  From  5  draw  5M  ||  to  VS  and  ± 
to  OiF  at  M .  Call  ^  OiO(7  =  0;  then  ^  OOiC/  =  (F  -  0), 
^  QOi^  =  <^i,  ^  IBS  =  SOiV^  /iC/iOi=  Fi.  P  =  point  on 
center  line  of  VH  opposite  point  of  frog  Fi-     PI  =  Ki. 

G    ,  C  A   ^    X  <^i 


2    •  F  2    ■  Fi 

2  cos  ^  2  cos  -^ 

may  be  written  without  appreciable  error  — x —  and  — ^— * 


OU-{-OiU  ^tanH^  r/OiO  +  ^  ^QOi) 
OU-OJJ      tan  i  (^  C^OiO  -  ^  UOOi) 


tanHF^2.)^^^^^/^^^tang  (1) 


Solve  lor  9. 
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sm  ^  OiOU  Bind 

Solve  for  OOi. 


OH  ^OD-coB^  DOH=R  •  cos  (180  -  A)  =  -  /2  •  cos  A. 
jfir  =  OTP  =  TT?  =  (/rc/i+ C^)  =  6r?A  •  cos  ^  Oil7i/i+ 1^ 
=  (/e.+^^).co^F.+^. 

JO ^^JH -OH ^iRi  +  ^^VcoaFi+^^+R' COB  A.  (3) 
Solve  for  JO. 

cos  /9  =  cos  :^  OiO  J  «  = 

OOi 

1(2  .  /2i  +  (7  +  c)  .  cos  Fi  +  G^  +  ri  -f  2  JK  .  cos  A]  .  sin  ^ 


(2'Ri  +  G+c)BmF 
Solve  for  /8. 


(4) 


<t>^  A- (fi +  <!>).  (6) 

9^i=08+«-(/^  +  /^i).  (6) 

Ti^Ri'isn^'  (7) 


a;  =  DC  +  K  =  2  .«  .8in|  +  iC  (8) 

=  ^  X  100  +  K,  where  </>  and  D  are  expressed  in  de- 
grees and  decimals  of  degrees. 


DP  =  VH-DH-VI  +  PI 


=  OOisin  ;^OiOJ- OD -sin  :^DOH  - OiUi  -sin  ;^(7iOiV+P/ 
=  Oa-sin/8-/2.sinA-(/e,  +  ^^y  sinFi+Ki.  (9) 

When  A=  90",  the  given  straight  track  passes  through 
the  center  of  the  given  curved  track.  When  A  <  90**,  the 
given  str»ght  track  passes  on  the  opposite  side  of  the  center 
of  the  given  curved  track  from  that  shown  in  Fig.  23. 

The  equations  of  Problem  25  are  true  for  all  values  of  A 
when  the  proper  algebraic  signs  are  given  the  functions  of  A. 

//  for  any  reason  DC  U  fixedf  extend  the  tangent  to  the 
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GonnectJDg  curve  at  Q  to  intersect  VH.  Measure  the  dis- 
tance on  this  line  from  Q  to  the  point  of  iDtersectiou  with 
VH  and  the  angle  of  intersection.  This  will  pve  the  dis- 
tance Bl  and  the  angle  A  of  Problem  14.  Substitute  these 
values  in  equation  (8),  Problem  14,  and  solve  for  T  and  x  as 
given  therein,  which  will  locate  frog  Fu 

Ij  Sot  any  reason  I,  Fip.  23,  Problem  25,  is  fixed,  extend 
BS  to  interaect  the  center  line  of  the  curve  ACDE.  Measure 
the  distance  from  S  to  this  point  of  intersection  and  the  angle 
of  intersection.  These  give  the  distance  DP  and  angle  A  of 
Problem  15.  Solve  by  Problem  15,  Case  3,  or  by  graphics 
for  the  location  of  frog  F. 

Problem  T»,  Case  1. 

To  locale  the  frog  points  for  a  connecting  ^vdc  between  the 
inside  of  a  curved  track  and  any  intersecting  straight  track, 
using  frogs  of  different  number  and  simple  curve  tangent  to  the 
heelt  of  the  frogs. 


Where fi -cos  A<  [fl,+  i  {G  +  c)\ cos F,  +  i  (G  +  c). 
Given:  ACE  and  DH,  the  center  lines  of  the  given  tracks, 
which  intersect  at  D, 

N  and  Ni  =^  Frog  numbera, 

F  and  ^i  —  Frt^  angles, 
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K  and  Ki  =  Distance  point  to  heel  of  frogs, 
c  and  ci  =  Spread  of  frogs  at  heel, 

R  =  Radius  of  given  curved  track, 

Ri  =  Radius  of  connecting  track  tangent  to  heels 

of  frogs, 
G  =  Gage  of  tracks. 
Measure  in  the  field 

Required: 

<j)  =  Center  angle  of  given  curved  track  between  the 
point  of  intersection  D  and  the  heel  of  frog 
Fate, 
<f)i—  Center  angle  of  connecting  track  tangent  to  heels 

of  frogs, 

DC  =  Chord  of  given  curved  track  between  D  and  C, 

X  —  DC  +  K  =  Distance  from  D  to  point  of  frog  F, 
_Ti  =  Tangent  distance  for  connecting  curve, 
DP  =  Distance  on  center  line  of  given  straight  track  from 
D  to  point  opposite  point  of  frog  Fi  at  P. 

In  Fig.  24,  AfCyDfE  are  points  on  center  line  of  given  curved 
track.  D,  /,  P,  B,  H  are  points  on  center  line  of  given  straight 
track.  0  is  the  center  of  the  given  curved  track  and  Oi  is  the 
center  of  the  connecting  track  tangent  to  the  heel  of  frog  F 
at  Q  and  to  heel  of  frog  Fi  at  S,  OD  and  OC  are  radii  of 
given  curved  track.  OC  is  -L  to  heel  of  frog  F,  OS  and  OQ 
are  radii  of  connecting  track.  OS  is  J-  to  heel  of  frog  Fi  and 
OQ  is  ±  to  heel  of  frog  F\_  Extend  OQ  to  intersect  OC  at  U. 
CU  =  QU  =  i  (G  -he).  III  is  ±  to  DH^  and  to  the  heel  of 
frog  Fi.  Extend_0i5  to  intersect  //i  at  Ui.  SUi  =  IUi 
=  i  (G  +  ci).  IiJ  is  II  to  DH  and  passes  through  Oi.  HJ 
is  ±  to  DH  and  passes  through  0.  ^  LDH  =  ^  DOH  =  A, 
^DOC^<j>,  ^UiOiU  =  <f>i,  ^OUOi^F,  ^IBS  =  :^OiUJi 
=  Fi.  Let  ^  UOOi  =  e,  let  ^  OOi  t/  =  7,  and  let  ^  OiOJ  =  fi, 
P  =  point  on  center  line  of  given  straight  track  opposite  point 
of  frog  Fi,  and  TP  =  K. 

OU+OJJ  ^  tsLuii^UOiO  +  ^OiOU)  ^  tan  HF  +  0) 

OU-Ojj      ta,n  ii^  UOiO-^OiOU)      tsini(F-d) 

tan  i  (180  -  F)        ^        cotjF        _  tan  HF  +  2  9) 
"  tan  i  (180 -(F  + 2^)1      cotl(^  +  2^)  "taniF 
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taa|(f  +  2.)=^_^^+«^_^tanlF.  (1) 

7  =  180  -  F  -  ^. 
Solve  for  0  and  7. 


OH  ^OD-  ^DOH  =  i2 .  cos  A. 


HJ  =  //i=  Oit/i .  cos  ^OiUJi  +  IU 

G  +  ci\         S  ,  G  +  ci 

2 


=  (/2i+^^).cosF,+ 
07=H7-50=(/2i+^|^'y  cosFi+^±^'-/2.cosA.      (2) 


Solve  for  OJ. 


OOiiOiU::  sin  ^ OC/Oi :  sin  ^  C/OOi. 


(/ei  +  ^').8inF 


OOi  =  " r-T-^ (3) 

Bind  ^  ^ 


Solve  for  OOi. 
cos  /5  =  cos  ^  OiO J  = 


OOi 


^  f(2»/ei  +  6^  +  ci)cosA+C^  +  Ci--2»/g«co8Al-sing 

(2./2i+G+c)sinF 

(4) 
Solve  for  /3. 

9^=180- (A  4-^+/?).  (5) 

a;  =  DC  +  X  =  2  .  /2 .  8in|  +  iS:  (6) 

=  approximately  ^  X  100  +  K^ 

where  ^  and  D  are  expressed  in  degrees  and  decimals. 
^1=  (AH-  ^)-  (if^  +  Fi)«  7  -  03  +  F,).  (7) 

Ti=i2i.tan|.  (8) 


DP^DH-OiJ-  IiOi  +  1P^  OD  . sin  ^DOH_ 
-  OOi .  sin  ^OiOJ  -  OiUi  •  sin  ^OiUJi  +  IP 

=  i?.  sin  A-  OOi  .sin/3  -f /?i  +^i-^^  •  sinFiH-  Ki. 


(9) 
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Problem  26,  Case  2. 

To  locate  the  frofj  points  for  a  connecting  track  between  Om 
inside  oj  a  curved  track  and  an  inleraeding  sfrainU  trade, 
viing  frogs  of  different  number  and  simple  cmve  tani/enl  U> 
Oie  heeU  of  the  frogs. 


Fig,  2i. 

where  fl-cosA  = 

.(«+q^').e„..4 

t.ai(y  +  2«). 
Solve  tor  fl  end  7. 

■R-R,-G-c 
.  180  -  P  -  tf. 

^  =  90''-(A  +  fl). 
x-.DC  +  K  =  2R.am^  +  K 
=  approximately  ^  X  100  +  K, 
where  ^  and  D  are  expressed  in  degrees  and  decinials. 


=  (d+0)-(P  +  f,)  = 
=  R,-taD|- 


\-F,). 


DP- H. Bin  i 


-  OU,-i^R,+  ^^)  ■  Bin  Fi+  K,. 
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Problem  M,  Cttat  3. 

To  locale  the  frog  poinU  for  a  comtecHng  track  betmeen  the 
intide  oj  a  curved  brack  and  an  inleraecting  straight  track,  using 
frogs  of  different  number  and  timpU  curve  ttmgerU  to  the  heda 
of  the  frogs. 


""2 

fi  -  ft,  -  G 

-c 

Solve  for  e  and 

T       ''' 

180- F-B. 

5;;  = 

A-COE 

.-(.,+^).» 

F, 

(- 

"+1 

BioF 

which  ia  oegstive  (— ),  showing  fi  is  greater  than  90°. 
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0  =  18O-(A+«+/8). 


<!> 


x^DC-\-K^2'R'sm^  +  K 

=  approximately  ^  X  100  +  K, 
where  ^  and  D  are  expressed  in  degrees  and  decimals. 

^1=  (A  +  ^)-(F-f /^i)  =  7  -  03 +  Fi). 


(6) 
(6) 


(7) 

(8) 


DP=iE.sinA-OOi  -sin/S-    iJiH- 


in/8-(. 


(?  + 


-']  .  sin  F 


i  +  Xi.  (9) 


Problem  26,  Case  4. 

To  locate  the  frog  points  for  a  connecting  track  between  the 
inside  of  a  curved  track  and  an  intersecting  straight  track, 
using  frogs  of  different  number  and  simple  curve  tangent  to  the 
heds  of  the  frogs. 


Where    A>90**. 


Fig.  27. 


R  +  Ri  1„ 


(1) 


7  =  180  -  F  -  «. 


Solve  for  6  and  7. 
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(2) 


(4) 


OJ  ^(Ri-\-^^\co8  Fi  +  ^^^-'  R  'coa  A, 
A  being  greater  than  90®,  cos  A  is  negative  (—). 

cos/8  =  =; 
OOx 

[(  ^^  "^  ^^)  •  ^^^  ^'  "^  ^^  -  i?  .  cos  a]  .  sin  d 

(/2i  +  ^).sin^ 
Solve  for  jS. 
^«180-(A  +  «+/3).  (5) 

X  -  DC  H-X  -  2  .fi  .sin  I  +  /T.  (6) 

=  approximately  %  X  100  +  Ky 

where  </>  and  D  are  expressed  in  degrees  and  decimals. 

01=  (A  H-  9!>)  -  (F  H-  Fi)  =  7  -  0?  +  /^i).  (7) 

!ri  =  /2i.tan|.  (8) 


5P  -  «  .sin  A-OOi  .sin/3  -  f  fti  +  ^^')  •  sin  Fi  +  A-j. 


(9) 


Problem  26,  Case  5. 

When  DC  of  any  oJ  the  preceding  cases  is  fixed. 

Extend  the  tangent  to  the  connecting  curve  at  Q  to  inter- 
sect DH.  Measure  the  distance  froia  Q  to  this  point  of 
intersection  and  the  angle  of  intersection.  These  give  the 
distance  BI  and  angle  A  of  Problem  14.  Substitute  these 
values  in  equation  (8),  Problem  14,  and  solve  for  T  and  x  as 
given  therein,  which  will  locate  frog  Fi. 

Problem  26,  Case  6. 


When  DP  is  fixed. 

Extend  BS  to  intersect  the  center  line  of  ACD,     Measure 
the  distance  from  S  to  this  point  of  intersection  and  the  angle 
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of  intersectjon.  These  give  the  dietaDce  DP  and  angle  A  of 
Case  6,  Problem  16.  Substitute  these  values  in  Problem  16, 
Case  6,  and  solve  to  locate  frog  F.    Or  solve  graphically. 

Problem  %1, 

To  locate  the  frog  poinU  for  a  eonneeting  track  between  the 
inside  of  one  and  the  outside  of  the  olhtr  of  any  iuio  iniersectittg 
curved  irocts,  uHng  frogs  of  different  number  and  gimpU  cunt 
tangent  U>  the  heeU  of  thefroga. 


Fig.  sa. 

m:  A,C,D,  E  and  B,D,  I,H,  points  on  the  center  lines 
of  the  given  curved  tracks  that  intersect  at  D, 
N  and  Ni  =  The  frt^  numbers, 
F  and  F,  =■  The  ftog  angles, 
K  and  Ki  ^  The  distance  from  the  point  to  the 
heels  of  the  frogs, 
e  and  Ci  —  The  spread  of  the  fro^  at  the  heels, 
R  =  Radius  of  curve  ACDE, 
R,  =  Radius  of  curve  BDIH, 
Ri  =  Radiua  of  connecting  curve  tangent  to 

the  heels  of  the  frogs, 
G  '  Gage  of  the  tracks. 
Aure  in  the  Geld 
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Required: 

<j>  =  Center  angle  between  the  point  of  intersection  D 

and  the  heel  of  frog  F  at  C, 
^=  Center  angle  between  the  point  of  intersection  D 

and  the  heel  of  frog  Fi  at  /, 
^i  =  Center  angle  of  the  connecting  curve  tangent  to 

the  heels  of  the  frogs, 

DC  =  Chord  of  given  curve  ACD  between  D  and  C, 
DI  =  Chord  of  given  curve  BDI  between  D  and  /. 

In  Fig.  28  let  D  =  point  of  intersection  of  center  lines  of 
given  tracks.  Let  0  be  the  center  of  curve  ACDE,  0%  the 
center  of  curve  BDIH  and  Oi  the  center  of  the  connecting 
curve.  Draw  the  radii  OD  =  R  and  O2D  =  R2  and  join  0  and 
O2.  Draw  OU  =  lR  +  i{G-\-c)]  and  Od/  =  lRi  +  J^+  c)l 
±  to  the  heel  of  frog  F  and  join  0  and  Oi.  Draw  O2I  =  R2 
and  aJTi  =  lRi+h{G  +  ci)]  JL  to  the  heel  ^  frog  Fu  then 
O2U1  --lR2-i(G  +  ci)].  Join  Oi  and  O2.  DL  and  DM  are 
tangent  to  the  given  curves  at  D,  and  ^  LDAf  =  (180  —  ^ODOi) 
=  A,  ^  OC/Oi=  (180  -  F)  and  ^  OiC/A-  Fi. 


Q2D  +  QD  ^  tan  H^  O2OD  +  ^  QQ2D)  ^  tan  Hm  +  7) 
O2D-OD      t&ni  i^OiOD-^OOiD)      tani(M-7)* 

But  (m  +  7)  =  A. 

^  (i22-i2)-tan| 

tan  2(^-7)  = R2  +  R ^^^ 

Solve  for  m  and  7. 


Then  OD :  OO2 : :  sin  ^  OO2D :  sm  ^  0ZX)2. 


00.=  ^•.-^^.  (2) 

sin  7 


Solve  for  OO2. 
Similarly 


•  (R-  Ri)  •  tan  | 

tan^(F-2^)=- — ^.  (3> 

2'  /j  +  ij^+o  +  c  ^ 


Solve  for  6. 
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IRi  +i(G  +  c)]'  sin  F 


Then  OOi -  ^^"^^^^  .V      °        '  W 

sin  d 


Solve  for  OOi. 

Similarly 

.      1,         s     [^2 -(Ri+G-{-  ci)]  >  tan  j  (180  -  FQ        ,.. 

Solve  for  w  and  a.        («  +  «)=  (180  -  Fi). 

^     [fe-Hg  +  c.)l.sinF.. 
sm  (Fi  +  a) 

The  three  sides  of  A  OO1O2O  are  now  known. 


Calling  s ="  s 


and  letting 


-n/ 


(s  -  OOi)  (5  -  OA)  (s  -  O2O) 


8 

we  have 

1  r 

tan  -  ^  = =•  (7) 

2  8  -  OOi 

tan-/3== L=-  (8) 

2  8  -  O1O2 

1  r 

tan  -  p  == (9) 

2  8  -  O2O 

0  =  M-(«  +  «.  (10) 

^=^-(7+ a).  (11) 

^i=«-(pH-F-«).  (12) 

5C  =  2.7jJ.sin|.  (13) 

D7  =  2./22-sin^.  (14) 

Problem  !38. 

To  locate  the  frog  points  for  a  connecting  track  between  the 
outside  of  both  of  any  two  intersecting  curved  tracks,  using  frogs 
of  different  number  and  simple  curve  tangent  to  the  heels  of  the 
frogs. 
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/  'I  \ 


Fig.  29. 


Given:  AyCjDjE  and  J5,  D,  /,  H,  points  on  the  center  lines 
of  the  given  curved  tracks  which  intersect  at  D, 
N  and  Ni  =  The  frog  numbers, 
F  and  Fi  =  The  frog  angles, 

K  and  Xi  =  The  distance  from  the  point  to  the  heel 
of  the  frogs, 
c  and  ci  =  The  spread  of  the  frogs  at  the  heel, 
R  =  Radius  of  center  line  of  the  given  curve 

ACDE, 
&  =  Radius  of  center  line  of  the  given  curve 

BDIH, 
Ri  —  Radius  of  center  line  of  the  connecting 

curve, 
G  =  Gage  of  the  tracks. 
Measure  in  the  field 

Required: 

<f>  =  Center  angle  of  given  curve  ACDE  between  the 
pomt  of  intersection  D  and  the  heel  of  frog  F 
ate, 


Pcurved  tracks  which  intersect  at  D, 
le  frog  oumbere, 
e  frog  angles, 
?bs  distBDce  point  to  heel  of  frogs, 

le  eprcud  of  frogs  at  the  heel, 
PRadius  of  the  center  line  of  the  pveQ 
"       eACDE. 

ius  of  the  center  line  of  the  given 
e  BDIH, 
■  Radius  (il  the  connecting  c 

gent  to  the  heels  of  the  frogs, 
»  Gage  of  tracks. 
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^=  Center  angle  of  given  curve  BDIH  between  the 
point  of  intersection  D  and  the  heel  of  frog  Fi 
at/, 
<f>i  =  Center  angle  of  connecting  curve  tangent  to  the 
heels  of  the  frogs, 
DC  =  Chord  of  given  curve  ACDE  between  D  and  C, 
DI  =  Chord  of  given  curve  BDIH  between  D  and  /. 
Construction  of  figure  same  as  that  of  Problem  27. 


tan-(M-T)= ^^jTR 

Solve  for  n  and  y.        (m  +  7)  ==  A. 

72  •  sin  A 


(1) 


00a  =      .  •  (2) 

sm7  ^  ' 


Solve  for  6. 

Jfl.+ HG  +  c)]- sin  F 

sind  ^  '^ 

(ftz- /^O-tan-^- 

tan  -(«  —  «)= r: •  (5) 

2  ^  R2  +  Ri+G-\-ci  ^  ^ 

Solve  for  «  and  a.         {u  -\-a)=  Fi, 

smco 
The  three  sides  of  A  OO1O2O  are  now  known,  therefore, 


„.       OOi  +  O1O2  +  O2O  ,  .  ^^. 

callmg  ■ — jr — = =  8  and  lettmg 


r^y 


(s  -  OOi)  («  -  O1O2)  («  -  O2O) 


s 
we  have 


1  r 

tan  -  ^  = •  (7) 

2  s  -  OOi 

tani/3  = ^:=.  (8) 

2         5  -  O1O2 

1  r 

tan  -  p  = =  •  (9) 

2  s  -  O2O 

0=/3~(m+«).  (10) 

s62=^-(7+«).  (11) 

0i=p-(a,  +  F-^).  (12) 


DC  =  2.  ft -Bin  I 
D?  =  2 -ft -sin ^ 


29. 


To  locate  the  frog  pomU  for  a  amnecting  trade  betvieen  the 
inaide  of  both  of  any  Uoo  ijitersecting  curved  tracks,  unng  frogt 
of  different  number  and  aimple  curve  tangent  to  heels  of  frogs. 

Given;  A,C,D,E  and  B,D,  I,H,  pointa  on  the  center  lines 


-c.-^__ 


Fia-  ao. 


of  Uie  given  curved  tracks  which  iDtersect  at  D, 
N  and  Ni  =  The  frog  numbers, 
P  and  ^1 »  The  frog  angles, 
K  and  Ki  =  The  distance  point  to  heel  of  fr<^, 
e  and  t\  —  The  spread  of  frogs  at  the  heel, 

R  =  RadiuB  of  the  center  line  of  the  given 

curve  ^CDB, 
Ri"  Radius  of  the  center  line  of  the  ^ven 

curve  BDIH, 
Ri=  Radius  of  the  connecting  curve  tan- 
gent to  the  beels  of  the  frogs, 
G  —  Gage  of  tracks. 
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Measure  in  the  field 

A  =  Angle  LDM, 
Required: 

^  =  Center  angle  of  given  curve  ACDE  between  the 

point  of  intersection  D  and  the  heel  of  frog  F 

.  ate, 

^=  Center  angle  of  given  curve  BDIH  between  the 

point  of  intersection  D  and  the  heel  of  frog  Fi 

at/, 

(pi  =  Center  angle  of  connecting  curve  tangent  to  the 

heels  of  the  frogs, 

DC  =  Chord  of  given  curve  ACDE  between  D  and  C, 
DI  =  Chord  of  given  curve  BDIH  between  D  and  /. 
Construction  of  figure  same  as  that  of  Problem  27. 


^      1,         ,      (122-i2).tanjA 

Solve  for  n  and  7.         (a*  +  7)  =  A. 

72 -sin  A 


(1) 


00t=      .         ■  (2) 


tang  (X- 9) -^^^^ 

Solve  for  X  and  6.        (X  +  9)  =  (180  -  F). 

^' sin  (f  +  6) 


(3) 


(4) 


f.„  1  r         •>  -  [«»-(«»  +  g  +  ci)l  •  tan  \  (180  -  F.)      ,,, 
tan2(«-a) ^q^B^ (5) 

Solve  for  u>  and  a.        («+«)=  (180  -  /"i). 

7wr  _  [fe  -  Hg  +  ci)]  •  sin  Fi 

°'^' sin  (F  +  a) ^^^ 

The  three  sides  of  the  triangle  OO1O2O  are  now  known  and 


,  ^^.      OOi  +  O1O2  +  O2O  , 

lettmg ji — =  8  and 


r  =  y 


(«  -OOi)  (5  -0i0i)(8  -O2O) 


s 

we  have 

1  r 

tan-^= =•  (7) 

2  8  -  OOi 
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1  r 

tan  -  /3  = (8) 

2  «  -  OiO, 

tan  -  p  = =  •  (9) 

2         8  -  0,0 

^=M-0?+«).  (10) 

^=7-(iA  +  a).  (11) 

^=  (X  +  p  +  «)-360.  (12) 

5C  =  2.«.8in|.  (13; 

D7  =  2./e2-sin^.  (14) 

In  problems  27,  28  and  29  in  case  the  location  of  either  of 
the  frogs  is  fixed,  the  location  of  the  other  frog  may  be  deter- 
mined thus,  consider  Figure  28,  if  the  location  of  frog  F  at  C  is 
fixed,  extend  the  center  line  of  the  connecting  track  parallel  to 
the  frog  through  Q  to  intersect  the  center  line  BDIH.  Meas- 
ure the  distance  from  Q  to  this  point  of  intersection  and  the 
angle  of  intersection.  This  gives  PD  and  A  of  Case  6,  Prob- 
lem 16,  which  will  locate  frog  Fi  at  /.  Similarly,  if  the  location 
of  frog  Fi  at  /  is  fixed,  extend  the  center  line  of  the  connect- 
ing track  parallel  to  the  frog  through  S  to  intersect  the  center 
line  ACDE.  Measure  the  distance  from  S  to  this  point  of 
intersection  and  the  angle  of  intersection.  This  gives  PD  and 
A  of  Case  3,  Problem  15,  which  will  locate  frog  F  at  C, 


CHAPTER  V 


Wyes 
Problem  30. 

To  locate  the  frog  points  for  a  wye  composed  of  three  simple 
curves  of  different  radii  tangent  to  the  heels  of  the  frogSy  using 
frogs  of  different  number.  The  wye  being  on  the  outside  of  the 
principal  curve. 


% 


Fig.  31. 

Given:  A^DyC^E  points  on  the  center  line  of  one  of  the 
given  curved  tracks, 
N,  Ni  and  Ni  =  The  frog  numbers, 

F,  Fi  and  F2  =  The  frog  angles, 
K,  Ki  and  Ki  =  The  distance  point  to  heel  of  the 

frogs, 
92 
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c,  Ci  and  ca  =  The  spread  of  the  frog  at  the  heel, 
R  =  Radius  of  the  center  line  of  the 

given  curve  ADCE^ 
Ri  =  Radius  of  the  center  line  of  one  leg 

of  the  wye, 
J?2=  Radius  of  the  center  line  of  the 

other  leg  of  the  wye, 
G  =  Gage  of  the  tracks. 
Required: 

^,  01  and  ^  the  center  angles  of  the  curved  tracks 

between  the  heels  of  the  frogs, 

DCf  QS  and  IB  the  chords  of  the  curves  between  the 
heels  of  the  frogs. 
Let  AfDfCyEhe  points  on  the  center  line  of  the  principal 
curve.    Assume  the  frog  F  at  C  to  be  fixed.     Let  0,  Oi  and  O2 

be  the  centers  of  the  given  curves. Draw  OOi,  O1O2  and  O2O. 

Draw  OU=^R  +  i(G  +  c)  ^iid  OdJ  --Ri  +  h(G  +  c)  ±Jo 
the  heel  of  frog  F.  Draw  OiUi==  Ri-\- 1{G -\-  Ci)  and  O2U1 
=  R2+  i  (G  -\-  ci)  ±  to  the  heel  of  frog  Fi  and  draw  O2U2 
^  R2+i(G-{-  C2)  and  06^2=  R  ■\- \  {G  ■\- c^)  -L  to  the  heel 
of  frog  F2.  t  U'PU  ==  <t>,  2(.  UOiUi  =  <f>i  and  ^  UiOiUi^  (h- 
^OUOi  =  (180  -  F),  4.  OiC/A  =  (180  -  Fi)  and  4.  O2C/2O 
=  (180 -F2). 

fan^r/?'      9    N_  (fii-fi2)tanifi 

[«i+i(G?  +  ci)].inFi 


sin  (Fi  —  a) 

tan  -  (F2-  2  m)  -  ^^j^i^TR  +  Gir^-  (^) 

[/22+HGf  +  C2)]-sinF2 


sm  (F2—  m) 


Let     X. =  8    and 


'V 


(s  -  OOi)  (s  -  O1O2)  (s  -  O2O) 


*.(i- («  +  ?,-,). 

(10) 

*,-,-(«+*■-«). 

(11) 

^-^-(/.  +  P,-a). 

(12) 

DC-2-ii-am|- 

(13) 

5S-2.B,.Biiit 

(14) 

7B.2.ft..,»t. 

(15) 

Problem  31. 

To  locate  the  frog  points  for  a  wye  composed  of  three  simple 
cwves,  of  di^ereni  radii,  langeni  to  the  heels  of  the  frogs,  vsing 
frogg  of  different  number.  When  Oie  toys  is  on  ^  inside  of  the 
principal  aurve. 


Fig.  32. 

Given:  A,C,D,B  points  on  the  center  Une  of  the  givwi 
principal  curve, 
N,  Ni  and  N,  =  The  frog  numbers, 
F,  Fi  and  F,  -  The  tn^  angles, 
K,  Ki  and  JCj  =  The  distance  point  to  heel  of  frogs, 
c,  Ci  and  Ct=  The  spread  of  the  frogs  at  the  heel. 
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R  =  Radius  of  center  line  of  the  princi- 
pal curve  ACDEf 
Ri  =  Radius  of  center  line  of  one  leg  of 

the  wye, 
R2  =  Radius  of  center  line  of  the  other 

leg  of  the  wye, 
G  =  Gage  of  the  tracks. 
Required:  * 

<^,  (f>i  and  ff>2—  The  center  angles  of  the  curves  be- 

tween  the  heels  of  the  frogs. 

DC,  QS  and  IB  =  Chords   of   the   curves   between    the 

heels  of  the  frogs. 
tani(o,-9)=tg-(«i  +  g  +  '^)l-tenH180-F). 

2^  ^  R  +  Ri  ^^ 


-^      [/e-j(Qf.fc)].sinF 
.   „l,n,      «   ,_(fii-B2)'taniFi 

[/?i  +  i(Gf  +  c,)I.sinFi 


—^_\R-\{GJtC2)]'BmF^ 
sin  {JF2  + 11) 

Let  -^ =  s 


and 


r=\/ 


{s  -  QQi)  {s  -  Q1Q2)  (s  -  Q2O) 

5 


(2) 
(3) 


0,02  =  ^       '  '.       '  ^'^\°""* .  (4) 

sm  (Fi  —  a)  ^  ^ 

.      1,          .      IR  -  (R2  +  G'\-C2)]'tB,n  i  (180  -  F2)  ... 

tan- (y  -  ;x) ^ rZ^, (5) 


(6) 


1  r 

then  tan  -  /8  = =^  •  (7) 

2  S-O1O2 

1  r 

tan-p  = =^'  (8) 

2  «  -  O2O 

tan-^  =      / .  (9) 

2         5  -  OOi 

0=/8-(^  +  m).  (10) 

<^i=a;-(p+a).  (11) 

<362=7-(^  +  /^i~a).  (12) 

DC  ^2'R'Binp  (13) 
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QS^2'Ri'8in^ 


IB 


2.i22-sin^- 


(14) 


(15) 


Problem  32. 

To  locate  the  frog  points  for  a  wye  composed  of  one  straighi 
track  and  two  simple  curves  tangent  to  the  heels  of  the  frogs,  using 
frogs  of  different  number  and  curves  of  different  radii. 


Fig.  33. 

Given:  AjBjC^  D,  E^  H.  I,  J  points  on  the  center  line  of  the 
given  straight  track, 
Nj  Ni  and  N2  =  The  frog  numbers, 

F,  Fi  and  ^2=  The  frog  angles, 
K,  Ki  and  K2  =  The  distance  point  to  heel  of  frogs, 
c,  ci  and  C2  =  The  spread  of  the  frogs  at  the  heel, 
Ri  =  Radius  of  center  line  of  one  leg  of 

wye, 
R2  =  Radius  of  center  line  of  the  other 

leg  of  the  wye, 
G  =  Gage  of  tracks. 
Required: 

CH  —  Distance  between  the  points  of  frogs  F  and  Fi 
measured  on  the  center  line  of  the  given  straight 
track, 
4>i  —  Center  angle  of  one  leg  of  wye  between  the  heels 
of  frogs  Fi  and  F2, 
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^'Q'  =  Chord  of  above  leg  of  wye  between  the  heels  of 

frogs  Fi  and  F2, 
(t>t  =  Center  angle  of  the  other  leg  of  the  wye  between 

the  heels  of  frogs  F2%nd  F, 

QD'  =  Chord  of  above  leg  of  wye  between  the  heels  of 

frogs  F2  and  F. 

In  Fig.  33  let  AJ  be  the  center  Ime  of  the  given  straight  track. 

Let  C  and  C  and  D  and  D'  represent  points  on  the  center 

line  of  the  given  straight  track  and  wye  respectively  opposite 

the  point  and  heel  of  frog  F.    B  =  point  of  intersection  of 

DC  and  D'C  produced  and  ^  DBD'  ^F,BC--BC^  NG 

and  CD  =  C'D'-=K.    SimUarly  E  and  E\  and  H  and  H'  are 

points  on  the  center  line  of  the  given  straight  track  and  wye 

respectively  opposite  the  heel  and  point  of  frog  Fi.     /  = 

point  of  intersection  of  EH  and  E'H'  produced  and  ^  EIE^ 

=  Fi.    IH -^IH'--NiG  and  HE --H'E'^Ki.    Let  5  and  5', 

and  Q  and  Q'  be  points  on  the  center  line  of  the  wye  tracks 

respectively  opposite  the  point  and  heel  of  frog  F2.    Q'S^  — 

QS  =  Ki.     Let  Oi  be  the  center  of  the  curve  of  one  leg  of  the 

wye.     Draw  the  radii  OiE'  —  OiQ'  =  Ri±to  the  heels  of  frogs 

Fi  and  F,  respectively.    Draw  EPE"  ±  to  AJ.    Extend  OiE'  to 

intersect  EE''  at  Uu    E'Ui-^EUi  =  J  {G  +  cQ.     Draw  J/' 

-L_to  AJ  and  passing  through  0\,     Draw  E'L  and  POi  ±  to 

JJ'.     Let  O2  be  the  center  of  the  curve  of  the  other  leg  of  the 

wye.    Draw  the  radii  OiD'  —  Q2Q  =  R%  -1-  to  the  heels  of  frogs 

F  and  F2  respectively.     Draw  DP"  ±  to  AJ.    Extend  O2D' 

to  intersect  DD"  at   U  then  D'U  ='DCJ  =  i(G  +  c).    Ex- 

tend  OiQ'  and  O2Q  to  intersect  at  U2  then  Q'U2—  QU2=  i 

iG-\-C2).     From  Q2  drop  a  i.  upon  ^IJ  at  A.    From   D' 

draw  D^Af  -L  to  O2A  and  from  O2  draw  O2J'  ||  to  A  J  and  i. 

to  77'.      ^  AO2C/  =  ^  02C/D"=  ^  DBD'^F.      ^  E"UiOi 

=  ^ UiOiJ^:^EIE'^Fi.     ^OiU^2=  (180  -F2).     ^  C/1O1C/2 

=  ^1.   ^C7jOi02=/i.    ^0AJ'=i8.    ^D'02C/2=^.    tVD'Dx 

«(F2-m)  and  XOiOiJ' ^  a  =  (90  -  jS).     

O2A  =  (Ojilf +MA)  =  02/)'  •  cos  ^ AO2C/  +  5/>'  •  sm  ^DBD' 

=  fi2j_cos  F_+  (JVg  +  i^)  •  sin  F.  

OyJ  =  (OiL  + 1'^)  =  OiW  '  cos  ^  UiOiJ  +  /^'  •  sin  :^  EIE' 
^Ri'CQbFi-\-{NiG-\-Kx)  -sinFi. 

j'Oi  =  y  V  -  Oi/  =  O2A  -  Oi/ 

=  [«2  •  cos  F  +  (ATGf  4- ^)  -sinF] 

-  [Ri .  cos  Fi  +  {NiG  +  Ki) .  sin  Fi\  (X\ 
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-[(a+2±-')-».f+^'] 

Solve  for  JVi, 


O1U2+  02Ui  ^  Tan  H ^  ^aOA  +  ^  U^M 
^W2-  O2UI  "  Tan  J  (^  U^/)i  -  ^  C/AOi) ' 

^onl^/p      9   x_ffl-^2)'tan|F2  .^. 

Solve  for  /i. 

OiOi :  Oif/a : :  sin  ^  OiC/A :  sin  ^  C/AO2, 

g^^^[fi,+  Hg  +  c.)]>sinF. 

sin/i  ""  ' 

COSi8  =  C08  ^0A^'=-=^  = 

{[ig2 '  co8F+(NG+K)  -BJnF]  -[Ri  -  cosFi+  jNiG+Ki)  -  sinFj}  »Bin/i 

[i22+J(G^+C2)]-sinF2 

(4) 

[[R.+^y  cos  F-^(^R,+^^).  cos  F,+'~^].sm^ 

[R^+^^ysinF, 
Solve  for  jS. 

Oj'  =  7U  •  tan  ^  O2O1/'. 

=  S[/?2.cosf +  (Ar(7  +  ii:)  .sinF] 
-  [Ri '  cos  Fi  +  (NiG  +  Xi)  .  sin  FJ  { •  tan  /8.  (5) 

Solve  for  0^. 

C5=[Ij-(lD  +  ^)  +  (CZ>  +  M)] 

=  [0^7'-  (035^+  m)  +  (CD  +  M)]. 
C&  -  [[/?2  •  cosF  +  (iVG  +  X)  .sin  F]  -  [i2i  •  cosFi 

+  (NiG  +  Ki)  .sin  F  J  J  tan /8  -  H/^a  +  i  (G  +  c)]  -smF 
+  lRi  +  HG  +  ci)]  sin  Fi }  +  (X  +  ii^i). 

C&  =  OA  -sin/S  -  [(^2  +  ^1^)  -sin F 

+  (/?i  +  ^^)  •  sin  Fi]  +  (/i:  +  i2:i).  (6) 

^-18O-09  +  /i  +  Fi).  (7) 
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^'Q'=2.«i.sin^'. 


QD' -- 2 'R2'8in^ 


(8) 

(9) 
(10) 


Problems  30,  31  and  32  are  based  on  the  assumption  that 
physical  conditions  or  convenience  fix  the  location  of  one 
frog  in  the  principal  curve  or  in  the  straight  track. 

If  in  Problem  30  either  frog  F  or  F2,  in  the  principal  curve, 
and  Fi  are  both  fixed,  the  location  of  the  other  frog  may  be 
determined  by  Case  3,  Problem  15. 

If  in  Problem  31  either  frog  F  or  F2  and  frog  Fi  are  both 
fixed,  the  location  of  the  remaining  frog  may  be  determined 
by  Case  6,  Problem  16. 

If  in  Problem  32  either  frog  F  or  Fi  and  frog  F2  are  both 
fixed,  the  remaining  frog  may  be  located  by  Equations  (8) 
and  (1)  or  (2),  Problem  14. 

Following  are  some  special  cases  of  wyes. 

Problem  33. 

To  locate  the  frog  points  for  a  wye  between  the  outside  of  a 
given  curved  track  and  a  given  straight  tracky  using  frogs  of 
different  number  and  two  simple  curves^  one  tangent  to  the 
given  straight  line  and  the  hed  of  one  frog  in  the  given  curved 
track  and  the  other  tangent  to  the  heels  of  the  remaining  two  frogs. 


Fig.  34 
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Let  A,D,E\k  points  on  the  center  line  of  the  [pvea  curved 
track  &nd  B,  Pi,  P  points  on  the  center  line  of  the  given  straight 
truck.    Produce  8P  to  intcraectXDE  at  D.     Let  DL  be  the 

tangent  to  the  given  curve  at  the  point  D.     Measure  ^  BDL 
=  A  of  Problem  15  =  (180  -  A)  of  Problem  25.     Locate  fnog 
F  by  Problem  15  and  froga  Fj  and  F,  by  Problem  26. 
Problem  34. 

To  UxaU  the  frog  points  for  a  wye  between  a  atraight  Iraeh 
and  a  track  composed  oj  a  tangent  and  a  given  curve.  One  frog 
lobe  on  the  given  straight  track,  one  on  the  given  tangent  and  ont 
on  the  tmlside  of  the  given  curve,  using  frogs  of  different  number 
and  livo  timpU  curves.  One  curve  tangent  to  the  keds  of  the 
frogg  in  the  given  straight  track  and  tangent  and  one  euros 
langentlolhe  heel  of  the  frog  on  the  outside  <ff  the  given  curve  and 
to  the  given  straight  track. 


Fie  3«. 

Let  6,^1,  Pbe  pointson  the  center  Une  of  the  given  straight 
track.  Let  .4,  D,  £  be  points  on  the  center  line  of  the  given 
curve.  Let  £  be  the  P.  T.  and  E,  Bj,  Ai  points  on  the  center 
line  of  the  given  tangent.  Produce  BP  to  intersect  ADE  at 
D.  Let  DL  be  tangent  to  the  given  curve  at  D.  Measure 
^  LDP  -  A  of  Problem  15.  Substitute  this  value  in  Prob- 
lem IS  and  solve  to  locate  frog  F, 
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Produce  AiEiE  to  intersect  BD  st  D..     Measure  ^BD,A, 
-  (180  -  A)  oS  Problem  24.    Substitute  in  Problem  24  &nd 
solve  to  locate  frOBs  Pi  and  Pi. 
Problem  35. 

To  U>eate  the  frog  poin/s  for  a  uij/e  befuieen  a  jw'cn  straiglU 
track  and  a  track  composed  of  a  tangent  and  a  given  curve.  One 
frog  lo  be  on  the  given  straight  track,  one  on  the  given  tangent 
and  one  on  the  intide  of  the  given  curve,  unn^  frogs  of  different 
number  and  two  simpk  curves.  One  curve  tangent  to  the  heds 
of  the  frogs  in  the  piuen  slraighl  track  and  tangent  and  one  curve 
tangent  to  the  heel  of  the  frog  on  the  inside  of  the  given  curve 
and  to  the  given  stmighi  track. 


Fi«.  3«. 

Let  B,  El  P,be  potnta  on  the  center  Une  of  the  given  straight 
track.  Let  A,  D,  £  be  points  on  the  center  line  of  the  given 
curve  and  let  E  be  the  P.  T.  Let  E,  Ei,  A,  be  points  on  the 
center  line  of  the  given  tangent.  Produce  BP  to  intersect 
ADE  at  D.  Let  DL  be  tangent  to  the  given  curve  at  D. 
Measure  ^MDL  -  i  of  Problem  16.  Substitute  in  Problem 
16  and  solve  to  locate  frog  F. 
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Produce  AiEiE  and  BP  to  intersect  at  Du  Measure 
^MDiAi  =  A  of  Problem  24.  Substitute  in  Problem  24  and 
solve  to  locate  frogs  Fi  and  Fi. 

Problem  36. 

To  locate  the  frog  points  for  a  wye  between  a  given  straight 
track  avd  the  inside  of  a  given  curved  tracks  using  frogs  of 
different  number  and  two  simple  curves.  One  curve  tangent 
to  the  heel  of  a  frog  on  ihe  inside  of  the  given  curved  track  and 
to  the  heel  of  a  frog  in  the  given  straight  track  and  one  curve 
tangent  to  a  frog  on  the  inside  of  the  given  curved  track  and  to 
the  given  straight  track. 


Fig.  37. 

Let  A,  D,  ^1  be  points  on  the  center  line  of  the  given  curved 
track.  Let  Hy  Pi,  P  be  points  on  the  center  line  of  the  given 
straight  track.  Produce  HP  to  intersect  ADAi  at  D.  Let 
LDLa  be  tangent  to  the  given  curve  at  D.  Measure  ^LDH 
»  A  of  Problem  16.  Substitute  in  Problem  16  and  solve  to 
locate  frog  F. 
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^  LiDH  =  (180  -  ^  LDH)  =  A  of  Problem  26.    Substitute 
in  Problem  26  and  solve  to  locate  frogs  Fi  and  F%, 

Problem  37. 

To  locate  the  Jrog  points  Jor  a  wye  between  two  diverging 
straight  tracks,  using  frogs  of  different  number  and  two  simple 
curves.    One  curve  tangent  to  the  heel  of  a  frog  in  each  of    he 
given  straight  tracks  and  one  curve  tangent  to  a  frog  in  one 
the  given  straight  tracks  and  to  the  other  given  straight  track. 


\ 


Fig.  38. 

Let  AAi  and  BiB  represent  the  center  lines  of  the  given 
straight  tracks.  Produce  BiB  to  intersect  AAi  at  I.  Meas- 
ure ^  AJBi  =  A  of  Problem  14.  Substitute  in  Problem  14  and 
solve  to  locate  frog  F. 

^AIBi^  (180 - :^ kJBx)  =  A  of  Problem  24.  Substitute 
in  Problem  24  and  solve  to  locate  frogs  Fi  and  F%. 


CHAPTER  VI 
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ProMem  38. 

To  lay  out  a  Paralld  Siding  by  offsets. 


a  =  dc.otF~NG^  (P - 
b-R-lsmP-sia^], 


Having  worked  o 
frog,  R  and  P,  Sot  the 
P,  Bay  P,. 
b  and  c  remain  constaot, 
d  and  e  vary  with  P, 
o  varies  as  (Pi -P)  cot  f. 


the  co-ordinates  [or  any  particular 
ae  frog  and  fi  tor  any  other  value  of 
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With  a  transit. 

Locate  B  which  is  opposite  the  point  of  the  frog  so  that 
the  heel  of  the  frog  will  come  at  a  rail  joint.  Measure  BA 
==  NG.  Set  up  over  A,  sight  on  5,  turn  angle  BAC  =  F. 
Obtain  point  of  intersection  P.  I.  Set  up  over  P.  I.  Set  the 
P.  C.  and  P.  T.  stakes  and  by  the  external  set  the  stake  on 
the  center  of  the  curve. 

Problem  39. 

To  lay  Old  a  concentric  siding  on  the  outside  of  a  principal  or 
main  tracks  ttsing  maximum  Ri  or  minimum  degree  of  curve 
tangent  to  the  heel  of  the  frog  and  the  concentric  siding. 


Fig.  40. 

Given:  ACDE  =  center  line  of  main  track, 

VWZ  =  center  Une  of  concentric  siding, 
P  =  distance  c  to  c  main  and  siding, 
N  =  Frog  number, 
F  =  Frog  angle, 
K  —  Distance  point  to  heel, 
c  =  Spread  of  frog  at  heel, 
R  =  Radius  of  main  track  curve, 
(fi  +  P)  =  Radius  of  concentric  siding, 
G  =  Gage  of  tracks. 

Required: 

^1  =  Center  angle  of  curve  tangent  to  heel  of  frog  and 

concentric  siding  at  point  of  compound  curve  V, 
<f>  =  Center  angle  of  main  track  curve  between  the  heel 

of  frog  C  and  the  point  D  radially  opposite  point 

of  compound  curve  F, 
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_Ri  =  Radius  of  curve  tangent  to  heel  of  frog, 
CD  =  Chord  of  main  track  curve  between  C  and  Z), 
QV  —  Chord  of  siding  between  Q  and  V. 
Let  0  be  the  center  of  the  main  track  and  concentric 
siding  curves. 

Let  Oi  be  the  center  of  the  curve  tangent  to  the  heel  of 

the  frog.  

Draw  the  radii  OC  and  OiQ  ±  to  the  heel  of  the  frog. 
Extend  OC  to  mtersect  OiQ  at  U  then  CU  =  VQ  =  J  (G^  +  c). 
OC  =  R  and  OiQ  =  Ri.  Draw  the  radius  OV  of  the  concen- 
tric siding  at  the  point  of  compound  curve.  OF  =  (/?  +  P). 
OD  -  /e  and  _qiV  =  Ru_J. QO^V  -  0i,  ^  UOV  =  <^,  ^OUOi 
=  F.    Draw  0/^  ±  to  OiQ  extended  to  H.     ^OOiH  =  ^. 

0^-sinF  =  (72  +  P  -  /^i)  sin  0i. 

QC/'sinF-(ie  +  P) sin 9^1=  -  /^i -sin 9^1.  (1) 

Of/.cosP+W  =  (/?  +  P  -  i^i)  cos  <^i  + /2i. 
0[7-cosP+Qf/-(i2  +  P)cos^i=/gi(l-cos9^i).         (2) 

Multiply  (1)  by  (1  —  cos  ^1)  and  (2)  by  sin  ^1,  add  and 
simplify. 

Ql7-sinPcos0i  +  [(g  +  P-Qt7)-Qt7-cosP]'sin^i 

=  OU  -  Bin  F,  (3) 

(R  +  P-QU)-OU'CoaF 


Let  tan  p  = 


Ot7-sinP 


.            [R  +  P-i(G  +  c)]-lR  +  i(G  +  c)]'CoaF  ... 

*^"  '  = lR  +  i(G  +  c)]^smF (^) 

Solve  for  p. 

A  sinp  =  [R  +  P-i  (G  +  c)]-  [R  +  i  ((7  +  c)]cosP.  (5) 

Acosp=-lR  +  iiG  +  c)] '  sin  F.  (6) 

Square  (5)  and  (6)  and  add  and  solve  for  A. 

A=V{[«+P-i(G'+c)]-[«+i(G+c)l-cosF}'-f{[ft+i(G+c)1.8mF}*, 

Solve  for  A.  ^^ 

From  (3)  (5)  and  (6). 

A  cos  01  cos  p  +  A  sin  <^i  sin  p  =  [/2  +  J  (^  +  ^)1  •  sin  F. 
Divide  both  sides  by  A  and  simplif3\ 

COS  (01  —  p)  = -^ (8} 

Solve  for  61, 

<;6=(0i-/^).  (9) 

[R  +  i  (G  +  c)] sin </>  =  IRi-  i  (G  +  c)] . sin 01. 
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Hi- ^jj|-5- 1-  i  (&  +  c). 


(10) 
(11) 


With  light  curves  and  frogs  of  email  aagh  the  full  clearance 
distance  may  be  slightly  quicker  reached  in  the  following 

Problem  40. 

To  lay  out  a  concentric  siding  on  the  outside  of  a  principal 
or  main  track,  tmnu  a  connecting  curve  tangent  to  the  line  a^ 
the  frog  produced  and  to  the  concentric  siding,  making  the 
radius  of  the  conTiecting  cume  eipial  to  the  radius  of  the  lead  curve 
for  the  gvxnfTog  on  straight  track. 


Pig.  41. 

Given:  ACDE  =  center  line  main  track, 

VWZ  =  center  line  concentric  wding, 
P  =  center  to  center  tradta, 
W  —  Frog  number, 
F  =  Frog  angle, 

K  =  Distance  point  to  heel  of  frog, 
c  '  Spread  of  frog  at  heel, 
R  ~  Radius  of  main  track  curve, 
(R  +  P)  =  Radius  of  concentric  sidii^ 
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Ri  =  Radius  of  connecting  curve  tangent  to 
heel  of  frog  and  concentric  siding  at  V, 
the  point  of  compound  curve, 

G  =  Gage  of  tracks, 

Measure  in  the  field  or  calculate. 

QI  —  Distance  from  heel  of  frog  measured  on  centar 
line  to  point  of  intersection  of  frog  line  pro- 
duced and  center  line  ZWV  produced. 
A  =  ^  LIQ  —  angle  between  tangent  to  arc  ZWV  I 
at  /  and  the  frog  line. 

Required: 

^i  —  Center  angle  connecting  curve  between  S  and  V, 
<f>  =  Center  angle  main  track  curve  between  C,  the  heel 
of  frog  and  Z>,  a  point  radially  opposite  Y,  the 
point  of  compound  curve, 

QS  =  Tangent  back  of  heel  of  frog, 

CD  =  Chord  main  track  curve  between  C  and  D, 

SV  =  Chord  of  connecting  curve  between  S  and  V, 

In  Fig.  41.  ACDE  =  center  line  main,  VWZ  —  center  line 
concentric  siding,  0  =  center  main  track  and  siding  curves,  Oi  — 
center  of  connecting  curve.  Let  C  and  Q  be  points  on  center 
line  of  main  and  turn  out  opposite  heel  of  frog.  Let  S  =  point  of 
connecting  track  curve.  OC  and  OD  =  R.  Extend  OD  to 
y  =  OF  =  («  +  P).  Extend  axe  ^WV  and  line  QS  to 
intersect  at  /.     Draw  the  radius  0/  =  (72  +  P).     Draw  the 

tangent  LI  tangent  to  arc  ZWV  I  at  /. Draw  the  radius 

0S=  Ri^  Br&wOHJBJ^to  QI  and  ±  to  SOi  produced  to  J. 
Draw  QH  and  IB  ±  to  OB.  Draw  OiT  ||  to  OB,  ^ SOiV  =  ^i, 
^  UOiV  =  ^  (01  -  F),  ^P  =  ^OUH,  ^LIQ  =  A=  ^  OIB. 

Measure  QI  and  :^  A. 

Oj  =  fg  ==  (75  -  7r)  =  07  .  cos  ^OIB  -  SOi 
=  (R  +  P)'CosA-  Ri. 


OOi^OD  +  DV-OiV=^R  +  P-Ri 
cos  ^00iJ  = 


OiJ 


OOi 

^00iJ^^S0iV^<l>i. 
nr^rk-  (^  +  P)-cosA-Jgi  .  . 
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<f>-=i<f>i-F). 

(2) 

Qfi?  =  Q/  -  5/  =  QI 

5iSi 

sin  4.  SI  Si 

^f      Ri  sin  ^1  ■ 

-(R  +  P)  sin  (<^i  -  A) 

—  W-i  ■ " 

sin  (90  -  ^1) 

OS -01      ^^s^^^i" 

-(/2  +  P).8in(<^i- A) 

(3) 

Vo  —  v^ 

COS-^l 

(4) 

5r-2.i2i.8in^'. 

(5) 

The  above  is  true  only  when  Ri=  <  Ri  aa  determined  by 
Problem  39.  If  in  the  office  it  is  desired  to  accurately  de- 
terming  such  a  problem  as  given  in  Problem  40,  the  dis- 
tance QI  and  angle  A  may  be  determined  as  follows.  Extend 
OU  to  intersect  QI,  Call  this  point  x.  The  right  angle 
triangle  XQU  may  be  solved  for  QX  since  QU  and  Z  QUX 
are  known.  Similarly  triangle  XOI  has  the  two  sides  XO 
and  01  and  the  angle  IXO  known,  from  which  may  be  de- 
termined XI  and  ^XlOt  then 

QI^'QX+XI  and  A=  90-^X70. 
Problem  41. 

To  lay  out  a  concentric  siding  on  the  inside  of  a  curved  prin- 
cipal or  main  track. 


When  P = «+  J  {G+ c)-lR-i(G-\- c)] cos P,  then  the  center 
Une  of  the  frog  produced  is  tangent  to  the  center  line  of  the 
concentric  siding  and  QV  ^[R-  i(G  +  c)]  •  sin  F  where  V  « 
point  of  tangency  of  the  center  line  of  the  frog  line  and  the 
center  line  of  the  concentric  siding  and  Q  a  point  on  the  center 
line  opposite  the  heel  of  the  frog. 
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(yV  =  OB    COS  F. 
(JiB^OC-iCU  +  UB). 


UB  = 


cosF 


OB 


=  R-[i{G 


+  c)  + 


iJG+c) 
cosF 


] 


OV  =  IR  -  h  (G  +  c)]co8F -  i  {G  +  c). 
P  ='  R-  \[R -  i  (G  -{- c)]coaF -  i  (G  '\- c)l. 

=  i2  +  i  (^  +  c)  -  [/?  -  i  (G^  +  c)]  -cosF 
which  is  evident  from  inspection. 

QV  =  OB -ain F +  173 'Sin F  =  OU  -emF 
=  [i2-l(^+c)]-sinF. 
Problem  49. 

To  lay  out  a  concentric  siding  on  the  inside  of  a  curved  prin" 
cipal  or  main  tracks  using  a  simple  curve  tangent  to  the  heel  of 
the  frog  and  to  the  concentric  siding.  The  paint  of  tangency 
wUh  the  concentric  siding  being  the  point  of  reverse  curve. 


Fig.  43. 

This  case  is  possible  only  when 

P<R  +  i{G'\-c)-lR-i  ((?  +  c)J .  cos  F. 

Given:  ACDE  =  center  line  main, 

R  —  Radius  center  line  main, 
P  =  Center  to  center  tracks, 
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N  =  Frog  number, 
F  =  Frog  angle, 
K  =  Distance  point  to  heel, 
c  =  Spread  at  heel, 
G  =  Gage  of  tracks, 
Required:      *=  Center  angle  main  between  C  and  D, 
*i  =  Center  angle  connecting  curve, 
Ri 
QV 
CD 

In  Fig.  43,  PC  =  OD^R, 

DV^P, 

Wi=  R-P  +  Ru 
_  CU^  QUj=  i  ((?  +  c),  _ 

OJ II  to  OiQ,  and  UH  and  QJ  are  J.  to  OJ. 

^QOiO^<f>i--:(.OiOJ.    ^OiOC^4>'    ^COJ^F, 

(R  -  CZ/)  .sinF  =  l(R  -  P)  +  i2i] sin ^i. 
/.     (R  +  CU)  'sinF-iR-  P)  •  sin <^ -  iEi  •  sin  0i.  (1) 

(R  -  CU)  -cosFH-  (Ri-  QU)^[(R  -  P)'\-Ri]coa<f>i 
:.     (R-CU)  'C08F-{R-P)  'COB<f>i-CU  =  Rico8(l>i-Ri 
«-iEi(l-cos0i).  (2) 

Multiply  (1)  by  (1  —  cos  ^)  and  (2)  by  sin  ^i,  add  and 
simplify. 

[(R  -  P  +CU)  -{R  -CU)  . cos  F]. sin  01 

-\-[(R-CU)  -sin  F]  .cos0i=  (i2  -  CU)  -sinF.  (3) 

Let 

.         (r-p:+cu)-(r-cu)'C06F  ... 

tan  p  = 7 =rr •  (4) 

(fi-Ct7).sinF 

^"^  ' [R-i{G  +  c)]'smF (^) 

Solve  for  p. 

Let     A.sinp  =  (fi-P  +  CC7)-(i2-CZ7).co8F.      (6) 
Let     A.cosp  =  (/J-CLr).sinF.  (7) 

Square  (6)  and  (7),  add  and  solve  for  A 
il»  =  {[/^  -  P  + HG +  c)J  -  [«  -  1  (G +  c)]  .cosF}» 

+  \IR -HG  +  c)] 'Sin F\K  (8) 

Solve  for  A, 
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From  (3),  (6)  and  (7) 
Divide  (9)  by  A  and  simplify. 

Solve  for  {^i—  p)  and  since  p  is  known  from  solution  of 

(5),  ^1  becomes  known. 
Then 

0  =  (F  -  ^,).  (11) 


CZI.2-K-»n|. 
(1) 

-P). 

(12) 

(13) 
(14) 

"'                  .in*,                   '" 
5V-2.S,..m|!. 

Problem  43. 

To  lay  oul  a  eoncenlric  siding  an  the  inside  of  a  curved  prin- 
cipal or  main  track  -using  simple  curve  tangent  to  the  heel  of  the 
frog  and  to  the  concentric  siding.  The  point  of  langency  mth 
the  concentric  siding  being  a  point  of  compound  curve. 

It  seems  this  problem  might  be  used  in  case  the  principal 
curve  ia  very  sharp. 


-f*fj 
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Given:  ACDE  —  Center  line  main, 
N  =  Frog  number, 
F  =  Frog  angle, 
K  =  Distance  point  to  heel, 
c  =  Spread  at  heel, 
G  =  Gage, 

R  —  Radius  center  line  main, 
P  =  center  to  center  of  tracks. 

Required:  0  =  Center  angle  main, 

01  =  Center  angle  connecting  curve, 
Ri  =  Radius  connecting  curve, 
QV  =  Chord  connecting  curve, 
CD  =  Chord  main. 

In  Fig.  44,  OC^Ob^Ry 

DV=P, 

OOi^  Ri^  (R  -  P), 

CU^QU  ^  \{G-\-c). 

Extend  CO  to  H.    Draw  OM  -L  to  CH. 
t  OUOi  =  ^HUOi=F.     4.  UOiV=<f>i.     4  COD  =  0. 

(It  will  be  noted  that  this  problem  is  in  reality  the  same  as 
Problem  39,  where  the  angles  <f)  and  ^i  and  the  radii  R  and  Ri 
are  interchanged  and  you  solve  for  R  instead  of  Ri.) 

Solving  direct  by  reference  to  Fig.  44. 


OOi.sin0  =  Oit/-sinF. 
[Ri-  (R  -  P)]  .sin0  =  (Ri  +  QU)  -sinF. 
-  (i2  -  P)  -sin^  -  Qt/  -sinP  =  jKisin  F  -  iJisin^, 
divide  by  sin  F. 

_(«_P)«5L|'_Q{7  =  fl7i_?ilL|y  (1) 

OOi.cos0=Or?/-co8P-(«-CZ/)=aI7.cosF-(/2-QZ7) 

[i?i-  (R  -  P)J  .CO80  =  (Ri  +  QU)  . cos P-  (72  -  QU) 
(R  -QU) -^iR  -  P) '  coa<f>  -QU  -  cos F  =  RiC08 F- Ricoa  <f> 

Divide  by  cos  P. 

(g-y)-(B-P)g2ii_Q[;,fl7l_g2L|\.         (2) 
cosP  cosP  \        cos  Py 
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Multiply  (1)  by  (l  -^)  and  (2)  by  (l  -£|)  and 

subtract  (1)  from  (2)  and  simplify. 

r/g~PH-0C7       R-QU  1        .      R-P-\-QU 

I  : S : F F.  I  Sm  9 ?=-= —  •  COS  p 

L       sin  F  sm  F  cos  FA  cosF  ^ 

R-QU 
cosF 

Multiply  both  sides  by  —  sin  F  cos  F. 
KR-Qu')  -{R-P+QU)^coaF]^am<t>+  (fi-P+QZ/)sinFco80=  (R-QU)miP. 

_  _  (3) 

Lettanp  =  U  -  0^)- (/?  -  P  +  Qt/)  .cosf', 

(i2-PH-0^).sinF 
x„„     _lR-i(G  +  c)]^lR-P  +  i(G  +  c)]'C08F     ,_, 

Solve  (5)  for  p. 

Let  A  sinp  =  (/?  -  QZ/) 3_(/?  -P  +  QU)  •  cosP.  (6) 

Letil  cosp  =  (/?  -P  -  QU)  -sinP.  (7) 

Square  (6)  and  (7)  and  simplify. 

A*=\[R  -  i  (G  +  c)]-[R  -P  +  i  (G  +  c)]'CosFl^ 
H-![«-P-i(Gf  +  c)l.sinPp.  (8) 

Solve  for  A. 

From  (3)  (6)  and  (7).  

A  sin  p  sin  0  +  A  cos  p  cos  <f>  =  (R  —  QU)  sin  P. 
Divide  both  sides  by  A  and  simplify. 

cos  (0  -  p)  = -^ (9) 


Solve  for  (<f)  —  p)  and  since  p  is  known  from  the  solution  of 
(5),  0  is  known,  then  • 

0i=(0-P).  (10) 

From  equation  (1). 

p       (/g-P)sin0+HG^  +  c)»8inP  .,,. 

^'  ^ sin  0- sin  P  (^^) 

eF  =  2.Pi.sin^.  (12) 

5C  =  2. /2.8in|.  (13) 
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Problem  44. 

To  lay  out  a  coneentrie  giding  on  the  inside  of  a  principal  or 
main  track,  using  a  reverse  curve  tangent  to  the  hed  of  the  frog 
and  to  the  concentric  siding.  The  paint  of  tangeney  with  the 
concentric  siding  being  also  a  point  of  reverse  curve. 


Fig.  *5. 

By  this  method  the  clearance  distance  may  be  most  quiclcly 
attuned. 

Givea:  ACDE  =  Center  liae  main. 

R  "  Radius  center  line  main, 
ff  ~  Number  of  fcog, 
K  =  Distance  point  to  heel  of  frog, 
c  =  Spread  of  lii^g  at  heel, 
G  —  Gage  of  traclia, 
P  =  center  to  center  of  trackd. 
Assume;  Ri=  Radius  center  line  of  curve  tuni;ent  to  heel 
of  frog  —  Radius  center  lino  of  lead  curve, 
jRi=  liatlius  center  line  of  curve  tangent  to  con- 
centric aiding  =  (R  —  P). 
Required:  j3,  <l>.  <!„.  .^,  CD,,  D^.  DJ)  or  CD,  QH  i.nd  S?. 
0  =  Center  of   main   track  curve.     Oi  =•  Center  of  curve 
tangent  to  heel  of   frog  and  reversed  at  S.     Oi—  Center  of 
curve  tai^nt  to  concentric  Hiding  at  V  and  revened  at  S 

and  K. __  

R  =  PC  =  OP  -  OD^,  R,  =  0,Q  =  OiS.  Ri  =  (fl  -  P)  -  OV 
=  0jS-0iV,  P=DV,    ^OUOi  =  F,    tCODi  =  B,    ^  COD 

- 0,  ^ uo,Ot  =  4>u  4- OiO/} "'h.  4 o,qc - e^ uo,o  =  y, 

^ D,OD  =  {0  -  a).  }f.O,OiO  «  (t  -  *.),  CU  =  QU  =  \{!3+  e). 
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(QC-gC)-f-(QlQ+Ql/)  ^tanHy+g) 
{OC  -  UC)  -  (OlQ  +  QU)      tan  i  (t  -  ^) 

but  {y+e)=  (180  -  F), 

Solve  for  7  and  6. 

OOi :  OiC : :  sin  F :  sin  B. 

Sine  ^  ' 


Solve  for  OOi  then  the  three  sides  of  triangle  O1O2OO1  are 
known  and  are 


Oi02=  {Ri  +  722)  =  (/2i  +  /?  -P\ 
O2O  =  2  fi2=  2  (i2  -  F)  and  OOi. 

Letting  «  =  ^-  +  ?  +  ^- 


and 
we  have 


^Jis-OiOi 


){s-020){8-OOi) 


8 


**4  <*+*>=  s-(R\+R,y 


(3) 


1  r 

tan  -  02  == •  (5) 

2  s  -  OOi 

Since  6  and  7  have  been  determined  by  equation  (1),  ^ 
and  01  are  known  from  solution  of  equations  (3)  and  (4) 
and  02  =  F  +  01  —  0.  It  is  not  necessary  to  solve  equation 
(5)  except  as  a  check  since  (7  —  0i)  +  (^  +  0)  +  02  =  180. 

With  the  above  information  the  siding  may  be  staked  out. 
However,  it  may  be  convenient  to  also  know  the  following 
terms: 

O^+OOi  ^  tan  i  [^  +  (e+0)]^ 
0^-OOi     tan  §  [^  -  (^  4-  /3)1* 
but         [^  +  (^  +  /3)J  =  180  -  (7  -  0i)]. 
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2  Ri  +  OOi 

Solve  for  ^  and  0, 

.    /8 


CA=2./?.sin|.  (7) 


OS :  OiS  : :  sin  (7  -  <^i) :  sin  (^  +  /3) . 

j^      Ri » sin  (7  -  0i) 
sm  {e  +  /3) 


AZ)  =  2./2.sin^^^-  (9) 

C5  =  2.i2.  sin|.  (10) 

eS  =  2./^,.sin^.  (11) 

5F  =  2./2,.8in^.  (12) 


CHAPTER  VII 

Crossings 

Problem  45. 

To  determine  the  frog  angles  and  length  of  rail  between  frog 
points  for  a  crossing  of  two  straight  tracks.    All  angles  are 

/y 

equal  and  equal  to  A  and  AB  =  BC  =  CD  =  DA  =*  -: — -  as 
^  ^  sin  A 

seen  from  Fig.  46. 


Fig.  46. 

Problem  46. 

To  determine  the  angles  of  the  crossing  frogs  and  the  length 
of  rail  between  the  frog  points  for  a  crossing  of  a  straight  and  a 
curved  track. 

Given:  The  center  lines  of  the  given  tracks, 

R  —  Radius  of  center  line  curved  track, 
G  =  Gage  of  both  tracks. 

Measure  in  the  field: 

A=  ^  HE  J  =  angle  between  center  line  of  straight  track 
and  the  tangent  to  the  curved  track  at  the  point  of 
intersection  E. 

Required:  a,  /g,  7,  5,  the  angles  of  the  crossing  frogs. 
AB  and  CD  =  distance  between  points  of  frogs  A  and  B 

and  C  and  D» 

Arcs  BC  and  DA  =  distance  between  points  of  frogs 
B  and  C,  and  D  and  A. 
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In  Fig.  47,  let  0  =  center  of  curved  track.  Let  E  —  point 
of  intersection  of  center  linea  of  ^ven  tracks,  let  A,  B,  C, 
and  D  represent  the  points  of  the  frc^.     Draw  OE  =  R  and 

draw03-0O-ffl-^]and0B  =  0C  =(R  +  |y    Draw 

BJ  tangent  tocenter  line  of  curved  track  at  E,  then  ^  HEJ 

-  A.  Draw  Ob  \\  to  EH.  Drop  Js  from  E,  A,  B,  C,  D  upon 
Ob  at  e,  a,  b,  c  and  d  respectively,  then  Jf  OEe  -  A,  ^  OAa  »  a, 

^OBb  -  A   ^OCc  =  7  and  iCOiM  =  !. 


Ee  =  R-( 


sA. 


Cc  =  Dd  =    Ee  -1- 


I) 
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R  'COS  A  — ^ 


cuts  a 

"-t 

^■^  • 

COS/9 

R' 

'COS  A  — 

0 

2 

R' 

'COS  A4- 

2 

cosy 

=s  ^ 

*+2 

cosd 

R' 

COS  A+ 
*      2 

2 

<P 

=  (90  -  a)  - 

-(90 

-/s)  = 

OS -a). 

V 

=  0? 

-t). 

I 

=  (7 

-«). 

• 

K 

=  (« 

-«). 

AB: 

OA  : :  sin.^  : 

sin  (90 

-/»), 

(1) 


(2) 


(3) 


(4) 

(5) 
(6) 
(7) 
(8) 


AB  =  ob  —  oo  =  (K  +  ^j'8in^  — ffi  —  2)  'snila. 

(fi-oj-sin^     /        r\  f        r\ 

^^=-^— ^Si (R+|).sin^-(K-|)8m«.    (9) 

5C:2x(iJ  +  |^::i7:360, 
where  q  is  expressed  in  d^rees  and  decimals. 
BC  =  .0.017453  (r  +  jYt,.  (10) 

(fi-s-J-sini      ,         _.  .         „. 

^^  =  ^-^ (fl+|).8iny-(fl-|).sin«.    (11) 

DA  =  0.017453  (  fl  -  ^  V  «.  (12) 


GROSS  IN  as 
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Problem  47. 

To  determine  the  angles  of  the  croaaing  frogs  and  (he  length 
lis  raQ  between  the  frog  ■poinU  for  the  crosHng  of  two  curved 


Given  the  center  lines  of  the  given  curves  intersectii^  at  E, 
R  and  Ri  ^  Radii  of  center  lines  of  given  curves, 
G  =  Gage  of  tracltB. 
Measure  in  the  field: 
A  ^  ^  HE  J  —  ang^e  between  the  tangenta  to  the  given  curves 
atE. 
Required: 

a,  0,  y,  i,  -  frog  angles, 
•pi  q,  't  "  "  center  angles. 

Arcs  AB,  BC,  CD,  DA  =•  distances  between  frog  points. 

In  Pig.  4S,  let  0  and  Oi  be  the  centers  of  the  ^ven  curves, 

E  =  point  of  intersection  of  center  lines  of  given   curves, 

BH  and  EJ  -  tangents  to  gjven  curves  at  B,  ^HEJ  =ii. 
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Let  Af  B,  C  and  D  —  the  points  of  the  crossing  frogs.     Draw 

Join  OOi,     ^  OEOi  =  ^  HEJ  =  A. 

In  triangle   OEOiO  two  sides  and  the  included  angle   are 

known.  

Solve  for  ^  EOOi  =  \^,  ^  EOiO  =  «  and  side  OOi. 

R-\-Ri      tan  i{<^-\-^) 


R-  Ri      tan  i  (w  -  ^) 


But  («  +  ^)  =  (180- A). 


tanH.--^)=^^^^^i^^^Ap^^.        (1) 


Solve  for  w  and  ^. 


OOi  :  /2  : :  sin  A  :  sin  o). 


oo.=  ^;?ii^.  (2) 

smcf 


Solve  for  OOi- 

In  triangle  OAOiO  all  three  sides  are  known,  namely, 

OA  =iR  -^^AO,  =  {Ri-^\  and  OOi. 

Solve  for  ^OOjA  =  /x,  ^  A00i=  X  and  ^  0.4  Oi=  a. 

(/e-^)  +  (/.-g)  +  oo.    ^  +  ^.  +  oo;.g 

Let  ^  = ^  =  2 

/[.s-(/e--f)]-[.s-(/.-g)].(.s-oo;) 


Let  r  = 


/* 


Then  tan  ^  = y^ -^^  (3) 


-(«-f) 


t«n^  = 7-^ —  (4) 


-("-§) 
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taii-= — '  (5) 

2      S-OOi 


Solve  for  /x,  X  and  a. 

In  triangle  OBOiO  the  three  sides  are  known,  namely, 

OB  =  (R'\-^\bO,=^(ri-^\  and  OOi. 
Solve  for  ^OOiB  =  p,  ^B00i=-  s  and  ^OBOi=  /3. 


LetiS 


(g  +  g)+(fi.-|)  +  00.        ^^^^^gg.^ 


and  ri  = 


6\ 


Then  tan  |= -^ —  •  (6) 


s.-[r  +  I) 


tan^ /'      ^.  •  (7) 


Si 


-(«,-!) 


tan^- ^^^=.  (8) 

2      5i-00i 

Solve  for  p,  s,  and  /S. 

In  triangle  OCOiO  the  three  sides  are  known,  namely, 

OC  =  f72  +  ^y  CO;  =  (/?i+|]  and  OOi, 

Solve  for  -^  OOiC  =  t,  ^  COOi  =  u  and  ^  OCOi  =  y. 

Let  S,  =  -i « »^ « 2 

y/[&-  (fi  +  ^]]-  [s,-  (fl.  +  I)]  •  (S»-  OOi) 

Then  ^^^  "= T^^ — T^'  W 


-(-I) 
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tan  I T^— ^-  (10) 


tan3:  =  — ?!----.  (H) 

2     52-OOi 

Solve  for  i ,  v  and  7. 

in  triangle  ODOiO  the  three  sides  are  known,  namely, 

OD==Ir-^\  DOi^(Ri  +  f\  and  OOi. 
Solve  for  :^  OOJ)  =  ^,  ^  Z)00i  =  x  and  ^  ODOi  =  5. 

Let         S.=  «±4±M  =  s. 


.^       /[^.-(i^-g)]-[^.-(ft+f)]-(^.-^) 

»  /Si 

Then  **^  |  = 7^^^ — ^^ '  (12) 


and  let 


-u-i) 


tan-  =  — ^^?=.  (14) 

2      Si  -  OOi 

Solve  for  ^,  x  and  5. 

Angle  of  frog  at  A  =  a,  obtained  from  equation  (5). 
Angle  of  frog  at  5  =  /8,  obtained  from  equation  (8). 
Angle  of  frog  at  C  =  7,  obtained  from  equation  (11). 
Angle  of  frog  at  D  =  5,  obtained  from  equation  (14). 

ip  -^(p-fx).  (15) 

i7^=(i^-0.  (16) 

t=(r-^).  (17) 

K=(x-X).  (18) 

Arc  AB  =  0.017453  •  (  ^i  - 1)  •  ^.  (19) 

Arc  BC  =  0.017453  '{^  +  ^)"n'  (20) 

Arc  CD  -  0.017453  •  (  /2i  +  jV  t.  (21) 


"  0.017453 -fs 


As  may  be  seen  by  inspection  of  the  following  figures  4 
and  50,  Problem  47  is  entirely  general  and  wilt  cover  any  c&e 


of  the  croBsing  of  two  simple  curves.  The  following  cautions 
must  be  carefully  observed.  First:  Always  read  ike  angle  HEJ 
=  A  belvxen  Iht  Inside  of  one  and  Ike  outsvle  of  the  other  of  the 
given  carues.  Second:  The  anghs  of  the  croanng  frogs  a,  0, 
T,  a  are  always  given  in  the  same  manner,  i.e.,  between  the  inside 
of  one  and  the  outside  (tf  the,  other  of  the  aiven  curoes. 


CHAPTER  VIII 
Ladder  Tracks 

The  parallel  tracks  of  a  yard  upon  which  the  cars  stand  or  , 
are  stored  or  upon  which  the  traiina  arc  ma<lc  up  are  usually 
termed  the  body  tracks  of  the  yard.     The  tracks  at  either 
end  of  the  body  tracks  to  which  they  connect  are  t«rmed 
the  ladder  tracks. 

Depending  on  judgment,  the  space  to  be  occupied  or  the 
idea  of  ecoDomic  operation,  the  ladder  tracks  are  planed  to 
make  with  the  body  tracks  the  frog  angle,  or  twice  or  three 
times  the  frog  angle  or  an  angle  greater  than  the  frog  angle 
but  less  than  twice  the  frog  angle.  The  last-named  angle 
is  chosen  so  that  there  will  be  a  predetermined  minimum  dis- 
tance between  the  point  of  each  succes^vc  frog  on  the  ladder. 

The  discussion  of  ladder  tracks  will  be  arranged  in  the 
above  order. 
Problem  iS. 

To  determine  the  distance  point  to  point  of  frogs  on  a  ladder 
track  making  the  frog  angle  with  the  body  trackB. 


^m 


In  Pig.  51  C,  D  are  poinU  on  center  line  of  ladder  track, 
4,  B,  No.  1,  etc.,  are  the  body  tracks.    Extend  CD  to  inter- 
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sect  the  center  line  AB  and  the  center  line  of  No.  3  at  A  and  E, 
^  BAE  =  F.    P  =  distance  center  to  center  of  tracks.    AC 

=  CD  —  DE  =  a;  =  — — pj  =  -: — =,.     The  radius  of  the  curve 

sm  F      sinF  ^ 

connecting  No.  3  with  the  ladder  is  usually  made  equal  to  R 

F 
of  the  lead  curve.     T  =  R* tan x- • 

MINIMUM  DISTANCE  BETWEEN  SWITCH  POINTS 

In  the  ladder  problems  that  follow  it  is  necessary  to  deter- 
mine the  minimum  permissible  distance  between  the  points 
of  switches  of  successive  turnouts  before  proceeding  with  the 
plan  of  the  ladder.  As  regards  this  minimum  distance,  which 
we  may  call  Af,  practice  differs.  Thus  M  may  be  equal  to 
the  lead,  plus  the  distance  from  the  point  *  to  the  heel  of  the 
frog,  plus  a  sufficient  distance  to  permit  the  applicatioti  of 
the  angle  bar  to  the  heel  of  the  frog  and  the  bending  of  the 
stock  rail  for  the  next  succeeding  switch  rail.  With  a  24-inch 
angle  bar,  this  last  distance  may  be  as  small  as  2  feet,  which 
would  make  M  =  (L  +  X  +  2). 

Again  some  claim  that  the  switch  points  should  be  a  suffi- 
cient distance  apart  so  that  the  switch  points  of  any  turnout 
will  clear  the  standard  switch  ties  of  the  next  preceding 
turnout.  As  the  switch  ties  should  extend  to  a  point  beyond 
which  cross  ties  may  be  used  without  lapping,  the  distance 
from  the  point  of  frog  to  the  end  of  the  switch  ties  will  very 
closely  approximate  N  {t  —  6r),  where  N  ==  number  of  frog; 
t  =  length  of  cross  tie;  and  G  =  gage  of  track.  Therefore, 
in  this  case  M  =  L  +  AT  (^  —  G^).  The  difference  in  this 
practice  may  be  more  clearly  shown  from  an  actual  example. 
Take  track  (cross)  ties  8'  6",  a  No.  7  frog,  12'  switch  rails, 
5"  heel  distance,  K  =  distance  point  to  Reel  of  frog  =  8'  0", 
L  =  lead  =  58'  4",  then  M  will  be  equal  to 

(1)  M  =  (L  4-25:  +  2)  =  58.33  +  8  +  2  =  68.33. 

(2)  M  =  L  -}-  AT  (^  -  (7)  =  58.33  +  7  (8.5  -  4.71)  =  58.33 

4-  26.53  =  84.86. 
With  the  frogs  and  leads  recommended  by  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association. 
i\r  =  7,  X  =  8'  1",  Length  of  switch  rail  =  16'  6",  Heel  dis- 
tance =  0'  61",  L  =  61'  9i"  and  using  8'  6"  cross  ties  and  a 
36"  angle  bar 
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(1)  Af  =  (L  +  iiC  +  2.5)  =  61.81  +  8.08  +  2.5  =  72.39. 

(2)  ilf  =  L  +  AT  (<  -  G)  =  61.81  +  26.53  -  88.34. 

The  claim  for  the  second  method  is  that  it  avoids  the  use 
of  special  switch  ties. 

The  claims  for  the  first  method  are:  It  concentrates 
(bunches)  the  switches,  which  is  desirable;  it  economizes 
space;  in  case  of  a  ladder  having  one  turnout  on  the  ladder 
for  each  two  body  tracks,  it  makes  possible,  by  the  use  of  a 
special,  not  very  expensive  connecting  rod,  the  placing  of 
all  switch  stands  on  the  same  side  of  the  ladder,  making 
unnecessary  the  crossing  of  tracks  by  switchmen  ahead  of 
approaching  cuts  of  cars;  in  obtaining  the  clearance  distance 
necessary  for  the  connecting  curves,  it  makes  all  the  differ- 
ence between  **can"  and  "can't"  in  the  employment  of  cer- 
tain space-saving  combinations  of  turnouts  in  ladder  design. 

In  whatever  manner  M  may  be  determined  it  is  important 
in  making  track  plans  that  the  designer  clearly  recognize  the 
fact  that  if-Mis  stated  to  be  the  minimum  distance  bettoeen 
points  of  switches^  it  is  also  the  minimum  distance  between  points 
of  frogs f  and  also  the  minimum  distance  bettoeen  the  points  of 
intersection  of  the  center  lines  parallel  to  the  point  rails  of  the 
successioe  frogs,  as  shown  diagrammatically  in  Fig.  52. 


Fig.  52. 

A,  A,  A  =  points  of  switches;  C^  C,  C  =  points  of  frogs. 
Bf  B,  B  '=  points  of  intersection  of  center  lines  II  to  point 
rails  of  successive  frogs.     AA  =  CC  =  BB  =  M. 

In  any  arrangement  of  turnouts  for  connecting  ladder 
tracks  to  the  body  tracks  where  the  ladders  make  two  or 
three  times  the  frog  angle  with  the  body  tracks,  and  where 
there  is  one  frog  on  the  ladder  for  each  two  or  three  body 
tracks  respectively,  there  are  two  distinct  problems,  first  to 
locate  the  frogs  on  the  ladder  to  make  connection  with  the 
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body  tracks,  and,  second,  to  locate  the  frog  in  the  drill  track 
to  connect  with  the  ladder. 

Problem  49. 

To  locale  the  frogs  on  a  ladder  where  the  ladder  makes  twice 
the  frog  angle  vnth  the  body  tracks  and  where  there  is  one  frog 
on  the  ladder  for  each  two  body  tracks. 

In  Fig.  53  the  heavy  solid  lines  represent  the  center  lines 
of  the  tracks.  The  light  solid  lines  represent  the  rails. 
EC  =  center  line  of  the  ladder  track;  IJ  and  DO  the  center 
lines  of  two  body  tracks  to  be  connected  with  the  ladder; 
EI  the  center  line  of  the  connecting  track.  Extend  OD  to 
intersect  EC  at  C.  From  C  drop  a  JL  on  ^/  at  ff .  oj  = 
the  distance  from  the  point  of  intersection  of  OD  extended 
with  EC  to  the  point  of  frog  on  the  ladder.     ^  QCD  =  2  F, 

M 

^CED  =  ^CDE  =  ^IDO  =  F,  ED=  M,  EH^HD  =  ^, 

EC^CD=^  (NG+x), 

■p^^        EH       _     M 
^      coa.^CED     2coaF' 

2co8r 

The  location  of  the  frog  in  EI  to  connect  DO  is  evident  from 
inspection  of  the  figure. 

It  is  obvious  that  the  distance  between  each  succeeding  frog 

2P 


on  the  ladder  will  be 


sin2F 


Problem  50. 

To  locate  the  frogs  on  a  ladder  where  the  ladder  makes  three 
times  the  frog  angle  wiJth  the  body  tracks  and  where  there  is  one 
frog  on  the  ladder  for  each  three  body  tracks. 

Refer  to  Fig.  53.  The  heavy  dotted  and  solid  lines  repre- 
sent the  center  lines  of  the  tracks.  The  light  dotted  and 
solid  lines  represent  the  rails. 

AY  =>  center  line  of  ladder;  QS,  IJ  and  DO  =  center  lines 
of  three  body  tracks  to  be  connected  with  the  ladder.  AQ 
and  EI  =>  center  lines  of  the  connecting  tracks.  Extend  OD 
to  intersect  AQ  at  C  and  AY  at  B.  ^  YBO  =  3  F,  :^BCA 
^QCD^  =  2 F,  :^BAC  =  ^CED  =  ^CDE  =  ^IDO  =  F. 
AE--ED^  M, 


As  before, 


Now  AC^AE  +  EC^M  + 
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EC  =  TT^'  (1) 

2cosF 
x^EC-NG  (2) 

M 


2cosF 


AB=  {NG+Xi). 


AB'.AC::  sin  ^BCA  :  sin  -^  ABC- 

j^  ^  IC'PJn  ^BCA  _  AC'Bin^BCA 
^  sm^ABC  sin  ^YBO 


(m+  s-^Vin2F 
—  \  2  cos  F  / 


=  M 


sin3F 

sin  2  F  +  sin  F 
sin  3  F 


Since  it  is  necessary  to  calculate  EC  =  x ^ '  the  most 

•^  2  cos  F 

convenient  working  expression  for  AiB  is 

Then 

i,=  (M  +  M^)'-i^-iVG.  (4) 

sin  6  t 

From  inspection  of  the  figure  the  location  of  the  frog  in 
EI  to  connect  DO  is  evident. 

The  distance  between  each  succeeding  frog  on  the  ladder 

is  clearly  -: — ^-r,* 
•^  smSF 

Problem  51,  Case  1. 

To  connect  a  ladder  track  to  the  drill  track  where  the  ladder 
track  makes  twice  the  frog  angle  with  the  body  tracks. 

In  Fig.  54,  the  extension  of  BA  forms  the  drill  track.  If 
the  location  of  the  first  frog  in  the  drill  or  No.  1  is  fixed,  meas- 
ure NG  from  the  point  of  frog  to  A.  At  A  lay  off  the  angle 
BAC  =  F.  Extend  AC  to  intersect  No.  3  and  No.  4.  The 
location  of  the  frog  from  AC  extended  into  No.  3  is  obvious, 
as  is  the  termination  of  the  extended  line  of  AC  in  track  No.  4. 
Make  AC  =  Af .  At  C  lay  off  CQy  making  the  angle  F  with  AC. 
Measure  NG  from  C  on  either  CQ  or  AC  extended  to  locate 
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the  frog  into  the  ladder  CQ,  The  remaining  frogs  in  CQ  are 
located  as  given  in  Problem  49.  Track  No.  2  is  taken  out 
of  track  No.  1,  and  the  distance  AB  should  preferably  be  not 

less  than -As-     V  ^  EJ  =^       '^^  ^^ 


sinF  Bin^JES     8m2F 

If  the  location  of  QC  is  fixed,  extend  QC  to  intersect  the 

M 

drill  or  No.  1.     From  this  intersection  to  A  is  jz ?;•    From 

2  cosF 

A  proceed  as  before. 

Problem  51,  Case  2. 

To  connect  a  ladder  track  to  the  drill  track  by  means  of  a 
simple  curve  tangent  to  the  toe  of  the  first  frog  on  the  ladder  and 
to  the  heel  of  the  frog  in  the  drill,  where  the  ladder  track  makes 
tvoice  the  frog  angle  with  the  driU  and  body  tracks. 

In  Fig.  55,  B,  D,  C  are  points  on  the^enter  line  of  the  ladder. 
Extend  the  center  line  of  track  No.  3  to  intersect  the  center 
line  of  the  ladder  at  C.  Extend  CB  to  intersect  the  center  Une 
of  the  drill  or  No.  1  at  /.  Make  EQ  equal  to  M.  Then 
from  Problem  49, 

—  M 

C^  =  s^^-  (1) 


x  =  CD:=CE-DE--CE-  NG.  (2) 

am2F 
Bl^{Bri  +  Tj)  =  {CI'-CD-  DB)  =  F  -  (X  +  W).  (4) 
W  =  distance  point  to  toe  of  frog  =  DB, 
Ti  =  BIi  =  IiH  =  tangent  distance  to  connecting  curve. 
From  Problem  14,  equation  (8), 

-,  _BI'^m2F-{NG+K)sinF ^2'BI'GoaF-{NG'\-K) 

*  sin2F+sinF  2cosF+l 

(5) 

/2,=  T,.cot|-  (7) 

D-2.8in-i^.  (8) 

P 

ilJ  should  preferably  be  not  less  than  - — =• 

sm  IT 
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Problem  5:3. 

To  connect  a  ladder  track  to  the  driU  track  where  the  ladder 
track  makes  three  times  the  frog  angle  with  the  drill  and  body 
tracks. 

In  Fig.  56,  BA  extended  is  the  drill  track.  If  the  location 
of  the  first  frog  in  the  drill  track  or  No.  1  is  fixed,  measure  a 
distance  NG  from  the  point  of  the  frog  to  A.  Lay  off  AD, 
making  the  angle  F  with  AB.  Extend  AZ>  to  intersect  the 
center  line  of  track  No.  4.  Take  a  turnout  out  of  AD 
extended  to  connect  track  No.  5.  From  A  measure  AC  =  M. 
At  C  draw  CT,  making  the  angle  F  with  AD  and  the  angle  2F 
with  AB.  Extend  CT  to  intersect  track  No.  8.  Take  tracks 
No.  6  andj^o.  7  out  of  CT  by  Problem  49.  From  C  along  CT 
measure  CE  —  M.  At  E  lay  off  EI,  making  the  angle  F 
with  CT,  the  angle  2  F  with  AD  and  the  angle  3  F  with  AB. 

EI  is  the  ladder.  Locate  the  frog  on  the  ladder  to  connect 
tracks  No.  9,  No.  10  and  No.  11  by  Problem  50.  Take  the 
connection  for  No.  2  and  No.  3  out  of  No.  1. 

If  there  were  more  body  tracks,  say  No.  13,  No.  14  and 
No.  15,  then  Nos.  12,  13  and  14  would  be  connected  to  the 
ladder  just  as  Nos.  9, 10  and  11  are,  and  the  distance  between 

ZP 


the  successive  frogs  on  the  ladder  is 


slnSF 


Ordinarily  it  would  not  be  practicable  to  connect  more 
than  eight  or  nine  body  tracks  to  a  ladder  and  one  drill 
track.  In  case  there  were  15  to  17  body  tracks  they  would 
be  divided  into  two  groups  having  8  and  7  and  8  and  9  tracks, 
with  a  second  drill  parallel  to  the  drill  shown  and  a  second 
ladder  parallel  to  EI.  All  frogs  on  this  second  ladder  should 
be  located  by  Problem  50. 

If  the  location  of  EI  is  fixed,  extend  IE  to  intersect  AB 
at  F;  then  the  distance  from  Y  towards  A  to  the  point  of 
frog  is  Xi  of  Problem  50.  Having  this  frog  located  proceed 
as  before. 

The  first  body  track  that  may  be  connected  directly  to 
the  ladder,  numbering  the  body  tracks  as  in  Fig.   56,   is 

^ p h  1  or  the  next  even  number  greater. 

Thus,  in  the  computations  made  to  construct  Fig.  56,  M  = 
72.40,  F  =  8°  10'  and  P  =  13;  and 
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2  X  72.40  X  (sin  16°  20^  +  sin  8°  lOQ  +  i  =  4.5  +  i  ^  5  g. 

therefore  the  first  body  track  with  connection  to  the  ladder 
is  track  No.  6. 

Problem  53. 

To  locate  the  frogs  on  a  ladder  and  the  frog  connecting  the 
ladder  to  the  drill  track,  where  there  is  one  frog  on  the  ladder 
for  each  body  track  and  where  the  ladder  makes  an  angle  with 
the  body  tracks  greater  than  the  frog  angle  hut  less  than  twice 
the  frog  angle,  so  that  the  frogs  on  the  ladder  may  he  the  mini- 
mum permissihle  distance  apart. 

In  Fig.  57,  Given:  M  =  minimum  permissible  distance  point 

to  point  of  frogs, 
P  =  Distance  center  to  center  of  tracks, 
N  =  Frog  nmnber, 
F  =  Frog  angle, 

W  =  Distance  point  to  toe  of  frog, 
K  =  Distance  point  to  heel  of  frog, 
G  —  Gage  of  tracks, 
R  =  Radius  of  lead  curve. 

Required :    A  =  Angle  of  intersection  between  the  ladder  and 

body  tracks, 

X  =  Distance  measured  on  center  line  of  ladder 
from  point  of  intersection  of  center  line 
of  any  body  track  and  center  line  of  lad- 
der to  point  of  frog, 

T  =  Tangent  distance  to  curve  tangent  to  heel 
of  frogs  and  to  the  body  tracks, 

Ti  =  tangent  distance  to  curve  tangent  to  heel 
of  frog  in  the  lead  track  (or  No.  1)  and 
to  the  toe  of  the  frog  on  the  ladder 
leading  into  No.  2, 

Ri  =  Radius  of  curve  connecting  the  drill  and 
the  ladder, 

X2=  Distance  from  point  of  intersection  of 
center  lines  of  ladder  and  drill  to  point 
of  frog  in  drill  (or  No.  1). 

fflnA=«-j^«  (1) 
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8in  A  ^  ' 

jB/  =  ilf  —  (oj  +  TF),  where  the  sign  of  x  is  contained  in 
itself. 

sin  A 
From  which 

_,       [ilf-(a;  +  TF)]sinA-  (NG  +  K)  sin  F  ,^ , 

^*  ==  sinA  +  sin/^  ^^^ 

(ArG  +  X  +  T.)>sin(A-F)_  ^^^ 

sm  A  ^  ' 

722=  r2-cot§(A-F).  (6) 

D,  =  2.sin-i^.  (7) 

Where  space  is  available  for  other  arrangement,  it  is  a 
matter  of  doubtful  judgment  to  use  ladders  having  one  turn- 
out on  the  ladder  for  every  two  or  three  body  tracks  simply 
to  ** economize"  space  and  to  save  frog  wear.  Such  pro- 
cedure appears  to  be  little  less  than  gambling,  where  interest 
on  the  cost  of  otherwise  unused  land  is  wagered  against  the 
increased  cost  of  maintenance  and  operation  of  tracks  so 
laid  as  to  occupy  it.  On  account  of  the  doubled  or  trebled 
central  angles  of  the  sharp  yard  curves  and  the  frequent  train 
movements  over  them,  it  is  probable  actual  economy  will 
result  from  saving  the  maintenance  of  rails  and  equipment 
and  interference  to  operation  rather  than  space  and  frog 
•  wear. 

There  are  some  places  where  all  possible  trackage  space 
is  imperative.  Thus,  frequently  the  purchase  of  land  for 
terminal  facilities  and  yards,  especially  in  or  near  cities,  is 
difficult.  The  pl-operty  has  to  be  acquired  quietly  and  in 
small  contiguous  lots  often  of  irregular  shape,  giving  a  result- 
ing whole  obtained  at  considerable  cost  and  yet  poorly 
adapted  to  yard  development.  Physical  conditions,  too,  may 
sometimes  limit  the  available  area.  Under  these  circum- 
stances even  the  following  expedients  may  be  advantageously 
employed. 
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Problem  M. 

To  locate  the  frogs  on  a  ladder  so  that  lAe  frogs  may  be  the 
minimum  ■permieaihU  distance  apart,  where  there  is  one  frog 
on  the  ladder  for  each  two  body  tracks  and  the  angle  of  the  ladder 
loilh  the  body  traeke  is  greater  than  twice  but  less  than  three 
times  the  frog  angle. 

There  are  three  methods  of  connecting  the  body  tracks  to 
the  ladder  track  under  the  premises  of  the  problem. 

Case  !•  Where  the  length  of  the  curve  tangent  to  the 
heel  of  the  ladder  track  frog  plug  the  total  length  of  the 
frog  is  equal  to  or  greater  than  the  minimum  permissible 
distance  point  to  point  of  frog,  i.e., 

^^  XlOO +  (W  +  K)->M, 

where  D  is  the  degree  of  the  connecting  curve,  (^  —  F)  and 
D  are  eicpressed  in  degrees  and  decimals  of  a  degree  and 
M  =  minimum  permissible  distance  between  frogs. 

In  this  method  the  connecting  curve  is  tangent  to  the 
heel  of  the  frc^  on  the  ladder  and  to  the  toe  of  the  frog  on 
the  body  track.  By  its  use  is  obtained  greater  clearance 
distance  between  the  tracks  leading  off  of  and  immediately 
adjacent  to  the  ladder  than  in  either  of  the  other  two  methods. 


r-  S-tan— s— • 

(Na  +  K  +  T)ma(a~F) 
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Case  2.  Where  the  line  of  the  frog  is  continued  to  inter- 
section with  the  second  body  track  and  where  the  first  body 
track  is  taken  out  of  this  straight  line. 


Fig.  69. 

In  Fig.  59,  UI  is  the  center  line  of  the  ladder  making  the 
angle  A  with  the  body  tracks;  UD  is  the  center  line  of  the 
line  of  the  frog  making  the  angle  F  with  the  ladder  and  mak- 
ing the  angle  {A— F)  with  the  body  tracks;  AB  is  the  line 
of  the  frog  connecting  the  first  body  track  to  UD,  making 
the  angle  F  with  UD  and  {A  —  2F)  with  the  body  track; 
CD  —  T2=  tangent  distance  for  (A  —  F)  degrees  of  a  curve  of 
radius  R  connecting  UD  with  the  second  body  track. 


r  =  i2-tan 


A-2F 


AO^ 


x  = 


UO 

Xi 


(NG  +  K  +  T)ain(A-2F) 
sin  (A  -  F) 

AO-NG. 

M  +  AO. 


OU  Bin  {A -F) 


-NO, 


sm  A 

Msin  (A-F)-\-(NG-\'K-\-  T) sin  (A'-2F) 

sin  A 


NG. 


r,=  CD  =  i2-tan 
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of  this  method  is  that  the  fol' 


The  limitation  to  the  use 
lowing  condition  must  exist: 

AD^NG  +  K  +  Tx, 
or         PS  (N0  +  K  +  Ti~AO)sm(A-F). 


.(A 


■Z)s 


Case  3.  Where  '  -^  ■  X  100  +  (IF  +K)  >  jif  the  ar- 
rangement shown  by  Fig.  60  may  be  used. 

Let^  +  #-A-F  andlet  ^^y^  +  (>F  +  K)  =  Af;_theii 
ff  „  [M  -  (W  +  K)]-^  Eade  ^A-  (.F  +  0). 

Procedure:  Tangent  to  the  heel  of  the  frog  in  the  ladder 
nm  in  j3  d^rees  of  the  connecting  curve  to  the  toe  of  the 
fri:^  leading  to  the  first  body.  Make  this  frog  tangent  to 
the  curve.  From  and  tangent  to  the  heel  of  this  frog  run 
in  6  degrees  of  the  conaecting  curve  terminating  tangent  to 
the  first  body  track. 

In  Fig.  60, 


ri  =  fl-tan5- 

AB=T  +  W  +  K  +  Tx. 
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-j^     AB  »  8in  ^OBA  ^{T  +  W-\-K+  T,)  sing 
^^"        sinAOB  siii(A-/^) 

lJO={NG+K  +  T)-\-Ad. 


jYj  ^  UP  '  8m  ^lOU  ^  UP 'Sin  {A-  F) 
^  sin  ^  WO  sin  A 

x=-UI-NG, 

The  solution  of  the  remainder  of  the  problem  is  obvious 
from  inspection  of  the  figure. 

There  is  very  little  difference  in  the  actual  result  between 
Cases  2  and  3.  In  either  Case  2  or  3  the  distance  center  to 
center  of  the  tracks  leading  off  of  and  immediately  adjacent 
to  the  ladder  is  too  small  to  clear  cars  standing  on  adjacent 
tracks  and  there  is  an  increased  probabihty  of  side  collisions  or, 
as  switchmen  say,  "side  swiping."  For  instance,  in  making  up 
a  train,  to  set  a  car  of  a  cut  in  the  train  ahead  of  a  preceding 
car  in  the  cut,  the  head  car  is  temporarily  set  out  on  a  track 
adjacent  to  the  ladder,  while  the  desired  car  is  set  in  on  the 
train.  Unless  the  switchmen  are  careful  to  set  the  head  car 
well  around  to  the  clearance  point  on  the  body  track  there 
is  danger  of  side  swiping  or  the  possibility  of  rolling  a  man 
between  cars.  Case  1  sacrifices  a  little  yard  room  for  clear- 
ance. 

To  complete  the  ladder  of  Problem  54  it  is  necessary  to 
connect  it  to  the  drill  track.     This  may  be  done  as  follows: 

Problem  55. 

To  locate  the  frog  in  the  drill  track  to  contiect  a  ladder  tra^k 
that  makes  an  angle  with  the  body  tracks  greater  than  twice 
and  less  than  three  times  the  frog  angle. 

Select  the  desired  case  of  Problem  54  for  connecting  the 
body  tracks  to  the  ladder  and  determine  either  x  of  Case  1 
or  xi  of  Case  2  or  a;  of  Case  3,  letting  the  quantity  determined 
equal  x  of  Fig.  61. 

In  Fig.  61  the  body  tracks  are  connected  to  the  ladder  EI 
by  Problem  54,  Case  1. 

2P 

M  =  -; — -•    Obtained  in  solution  of  Problem  54.  (1) 

smA 

57  =  -4^  =  2  M.  (2) 

smA  ^  ' 
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B^  =  B?--^M+^)  =  2Af-(ir-fa;).  (3) 

Solve  for  BE,  (4) 
DE=Tu 


^^  ^  J D Bin  ^CJD  ^  (NG  +  K  +  Ti)ainF 
sin  ^JCD  Bm(A-F) 

j^^JD'Bin  4.JDC  ^(NG  +  K  +  Ti)  sin  (A-  2F) 
Bin  :^JCD  sin(A-F) 


(5) 
(6) 


(7) 


8in(A— F) 
^  M-  sin  (A-F)  +  (NG  +  K-\-  Ti)  sin  {A-2F) 

sin  ( A  -  F) 

■5^     AC -sin  ^BAC 
^^  sin  ^ABC 

lM'Bin{A-F)-\'{NG  +  K-\-Ti)Bin(A-2F)\-BinF 

«w  ■,,  ...I  ■■■■■  II  ..I-.-  ■■■—■  ——  —  • 

sin(A— F)sin  A 

(8) 


BE^BC+CD  +  DE 

^lM'Bin(A-F)-\-(NG  +  K  +  Ti)'ain{A"2F)]BinF 

sin  (A  —  F)  sin  A 
(JVG  +  g  +  rOsinF 
+  sin(Aj-^F)  ^^^'  ^^^ 

From  equation  (3),  -BiF  is  known;  therefore  from  equa- 
tion (9) 

^'sin(A-F)'SinA-M«sin(A--F)«BinF 
^'"sin(A-2F)-sinF+sinA-sinF+sin(A-F).sinA 
(JVG+i^)'8in(A-2F)»sinF+(Ar(7+i^).sinA»sinF 
sin  ( A — 2  F)  •  sin  F+sin  A  •  sin  F +sin  ( A — F)  •  sin  A 

Solve  equation  (10)  for  Ti,  ^^^^ 

Ri^Ti'Cot^^^^'  (11) 

Solve  equation  (6)  for  JC. 

I      xi^JC-NG  ,  (12) 

-TB     AC.  sin  ^ACB      (M  +  JC)-  sin(A-F)  ^,,. 

^^  =  _sin^A^C SJTa (^^^ 

Xi^AB-NG,  (14) 

Ordinarily  it  is  unnecessary  to  solve  either  equation  (13)  or 
(14)  in  drawing  or  staking  out  the  work  on  the  ground, 
unless  the  line  BI  is  definitely  fixed. 
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Without  describing  in  farther  detail  the  procedure  to  draw 
or  to  stake  out  a  ladder  such  as  given  in  Problems  54  and 
55,  Fig.  62  is  given  to  show  the  complete  design  of  one  end 
of  a  yard  of  nine  tracks  connected  by  a  ladder  designed  by 
Problem  54,  Case  1,  and  Problem  55. 

The  notation  is  the  same  as  in  Figs.  58  and  61. 

If  there  had  been  18  tracks  instead  of  9,  they  would  be 
divided  into  two  groups  of  9  each.  The  first  9  would  be 
arranged  as  in  Fig.  62.  The  second  9  tracks  would  be  con- 
nected to  a  second  ladder  parallel  to  BI^  and  all  frogs  on  the 
second  ladder  would  be  located  by  Problem  54.  A  connec- 
tion between  the  first  group  and  the  second  ladder  would 
probably  be  put  in  between  the  second  ladder  and  track  9  of 
the  first  group.  Every  frog  to  the  body  tracks  on  the  second 
ladder  would  be  a  distance  M  apart. 


CHAPTER  IX 
Vertical  Curves 

Given  the  rate  and  direction  of  two  adjacent,  intersecting 
grades,  the  elevation  and  station  of  their  point  of  intersec- 
tion, to  construct  a  vertical  curve  tangent  to  the  given 
grades  and  having  a  given  uniform  rate  of  change  of  grade 
per  station. 

R  =  Rate  of  grade  in  which  the  P.  C.  lies. 

JBi  =  Rate  of  grade  in  which  the  P.  T.  lies. 

dR=  (R—  JKi),  in  the  solution  of  which  the  proper  sign  of 
R  and  Ri  is  considered,  but  the  numerical  result  is  always 
considered  positive  (+)  and  is  the  rate  of  separation  of  the 
given  grades. 

r  =  Assumed  rate  of  change  of  grade  per  station,  which  is 

^  .        ,     V  when  the  curve  is  ,    ,       the  tangent  grades, 
minus  (  —  )  below 

N  =  Total  length  of  curve  in  stations. 

=  —  = —'    If  N  comes  out  an  odd  number,  use 

r  r 

N  equal  to  the  next  greater  even  number  of  whole  stations 
and  obtain  a  new  value  for  r,  thus:  r  = -j^ — -  • 

S  =^  —dR  =  - — ^ — —  =  Total  separation  of  grades  from 
P.  I.  to  P.  T. 

E  =  -r  =  External  =  Distance  from  P.  I.  to  vertex  of  curve. 
4 

RN 
Elev.  P.  C.  =  Elev.  P.  I.  ±  '^'^ 


Elev.  P.  T.  =  Elev.  P.  I.  ± 


2 
RiN 


2 

Having  determined  the  elevation  of  the  P.  C,  the  elevations 
of  the  intermediate  stations  are  found  by  adding  algebraically 

to  the  elevation  of  the  P.C.  ( -B  +  ^l*  to  the  resulting  sum 
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(R  H- 1 J  r)  and  to  the  successive  sums  (R  +  2J  r),  (R  +  3i  r), 
etc.  The  Nth  term  added  should  give  the  predetermined 
elevation  of  the  P.  T.    This  check  should  always  be  made. 

The  proper  value  to  assign  to  r  will  depend  theoretically 
on  the  rate  of  the  given  grades,  the  location  of  the  curve, 
whether  in  a  sag  or  at  a  summit,  the  character  of  traffic  and 
length  of  trains.  For  practical  purposes  Dean  W.  G.  Ray- 
mond recommends  for  sags  r  =  0.05  to  0.25  and  for  smnmits 
r  =  0.10  to  0.50.  In  average  steam  railroad  work  r  =  0.10 
for  sags  and  r  =  0.20  for  summits  give  satisfactory  results. 

Fig.  63  shows  different  intersections  of  grades  with  the  sign 
and  practical  values  for  r  under  average  conditions. 


Fig.  63. 

Example  1. 

An  ascending  1.00%  grade  intersects  a  descending  0.80% 
grade  at  Sta.  20,  Elev.  200.00. 

JK  =  +  1.00;  i2i=  -  0.80;  dR={R-  Ri)  =  [1.00  -  (-  0.80)] 

=  1.80.    Assume  r  =  0.20 ;  then  iV=^^-—^  =  i^  =  9.   But 

r  0.2 

since  this  is  odd,  assume  iV  =  10;  then  r  = v^ — -  =  -^ 

=  0.18.     Since  the  curve  is  below  the  tangent  grades,  r  is 
minus  (— ). 

Elev.  P.  C.  =  Elev.  P.  I.  -  ^  =  200.00  -  ^^^  =  195.00. 
Station  of  P.  C.  =  20  -  ^  =  15. 

Elev.  P.T.  =  Elev.  P.I.  -  ^  =  200.00-^'^^^^  =  196.00. 
Station  of  P.  T.  =  20  +  ^  =  25. 
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195.00  =  Elev.  P.  C.  Sta.  16. 
(«+    ir)=l  +  (-0.09)  =  +_a91 

195.91  =  Elev.  Sta.  16. 
(fi  +  lir)- 1-0.27         =  +     0.73 

.196.64  =  Elev.  Sta.  17. 
(JB+2ir)=  1-0.45         =  +     0.55 

197.19  =  Elev.  Sta.  18. 
(i2+3ir)=  1-0.63         =  +     0.37 

197.56  =  Elev.  Sta.  19. 
(«  +  4i  r)  =  1  -  0.81         =+     0.19 

197.75  ^  Elev.  Sta.  20. 
(/2  +  5i r)  =  1  -  0.99         =  +     001 

197.76  =  Elev.  Sta.  21. 
(«  +  6i  r)  =  1  -  1.17         =  -      0.17 

197.59  =  Elev.  Sta.  22. 
(R  -  7i  r)  =  1  -  1.35         =  -      0.35 

197.24  =  Elev.  Sta.  23. 
(i2-8ir)=  1-1.53         =  -     0.53 

196.71  =  Elev.  Sta.  24. 
(/2  -  9i  r)  =  1  -  1.71         =  -      0.71 

196.00  =  Elev.  P.  T.  Sta.  25. 

which   checks  with   the  elevation  previously  obtained   for 
station  25. 

Example  2. 

A  descending  0.50%  grade  intersects  an  ascending  0.50% 
grade  at  Sta.  20,  Elev.  200.00. 

i2  =  -0.50;  7^1  =  +  0.50;  rf/j  =  (72  - /?i)=  [- 0.50+ (- 0.50)] 
=  1.0.     Assume  r  =  0.10. 

iV^  =  —  =  ;r^  =  10.     Since  the  curve  is  above  the  tangent 
r      u.i 

grades,  r  is  positive  (+). 
Elev.  P.  C.  =  Elev.  P.  I.  +  ^  =  200.00  +  ^'^^  ^^  =  202.50. 
Sta.  P.  C.  =  20  -  ^  =  15. 

Elev. P. T.  =  Elev.  P. I.  +  ^  =  200.00 _|-2:52Xi? « 202.50. 
Sta.  P.T.=  20  +  ^  =  25. 
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202.50  =  Elev.  P.  C.  Sta.  15. 
{R-h   ir)  =  ~0.5+0.05  =  --     0.45 

202.05  =  Elev.  Sta.  16. 
(/2  +  1  i  r)  =  -  0.5  +  0.15  =  ^      0.35 

201.70  =  Elev.  Sta.  17. 
(«  +  2i  r)  =  -  0.5  +  0.25  -  -     0.25 

201.45  =  Elev.  Sta.  18. 
(i2  +  3ir)  =  -0.5+0.36  =  ~     0.15 

201.30  =  Elev.  Sta.  19. 
(/2  +  4i  r)  =  -  0.5  +  0.45  =  -      0.05 

201.25  =  Elev.  Sta.  20. 
(«  +  5  J  r)  =  -  0.5  +  0.55  =  +     0.05 

201.30  =  Elev.  Sta.  21. 
(/2  +  6ir)  =  - 0.5 +0.65=+     0.15 

201.45  =  Elev.  Sta.  22. 
(ft  +  7  J  r)  -  -  0.5  +  0.75  =»  +     0.25 

201.70  =  Elev.  Sta.  23. 
(ft  +  8i  r) «  -  0.5  +  0.85  =  +     0.35 

202.05  =  Elev.  Sta.  24. 
(ft+9ir)  =  -0.5+0.95  =  +     0.45 

202.50  =  Elev.  P.  T.  Sta.  25. 

which  checks  with  the  previously  determined  elevation  of 
station  25. 

Example  3. 

A  descending  1.40%  grade  intersects  another  descending 
0.70%  grade  at  Sta.  20,  Elev.  200.00. 

ft  =  -  1.40;  fti  =  -  0.70;  d^  =  (ft  -  fti)  =  I- 1.40  -  (-0.70)] 

=  0.70.     Assume r  =  0.10.     N  ^  —  =  ^^=7, 

r       0.10 

Since  this  is  odd,  assume  N  =  S:  then  r  —  ^rr  —  -^  =  0.0875; 

iV       8  ' 

and  since  the  curve  is  above  the  tangent  grades  r  is  posi- 
tive (+). 

Elev.  P.  C.  =  Elev.  P.  I.  +  ^  =  200.00  +  Li^l?  ^  205.60. 
Sta.  of  P.  C.  =  20  -  ^  =  16. 
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Elev.  p.  T.  =  Elev.  P.  I.  -  ^  =  200.00  -  ^iL^  =  197.20. 

Sta.  of  P.  T.  =  20  +  ^  =  24. 

205.60000  =Elev.  P.  C.  Sta.  16. 
(«+  jr)^  - 1.40+0.04375  =  -     1.35625 

204.24375  =  Elev.  Sta.  1 7. 
(R+lir)  =  -1.40+0.13125  =  -     1.26875 

202.97500  =  Elev.  Sta.  18. 
(/E+2ir)  =  - 1.40+0.21875  =  -     1.18125 

201.79375  =  Elev.  Sta.  19. 
(i2+3§r)  =  - 1 .40  +0.30625  =  -     1 .09375 

200.70000  =  Elev.  Sta.  20. 
(R+^  r)  =  - 1.40+0.39375  =  -     1.00625 

199.69375=Elev.  Sta.  21. 
(/?+5ir)  =  -1.40+0.4  II  185  -     0.91875 

198.77500= Elev.  Sta.  22. 
(i2+6ir)  =  - 1.40+0.56875  =  -     0.83125 

197.94375=  Elev.  Sta.  23. 
(/2+7ir)  =  -1.40+0.65625  =  -     0.74375 

197.20000  =  Elev.  P.  T.  Sta.  24. 

which  checks  with  the  previously  determined  elevation  for 
station  24. 

The  elevations  recorded  for  the  various  stations  would  be 
taken  to  the  nearest  iJg.    Thus, 

Elev.  P.  C.  Sta.  16  =  205.60. 

Elev.  Sta.  17  =  204.24. 

Elev.  Sta.  18  =  202.98. 

Elev.  Sta.  19  =  201.79. 

Elev.  Sta.  20  =  200.70. 

Elev.  Sta.  21  =  199.69. 

Elev.  Sta.  22  =  198.78. 

Elev.  Sta.  23  =  197.94. 
Elev.  P.  T.  Sta.  24  =  197.20. 

Example  4. 

An  ascending  0.60%  grade  intersects  an  ascending  1.40% 
grade  at  Sta.  20,  Elev.  202.40. 

12  =  +  0.60;  /2,  =  +  1.40;  dR  =  {R-  Ri)  =  [0.60  -  (+  1.40)J 
=  0.8.    Assume  r  =  0.10. 
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Then  N  —  —  =  77^  =  8.     Since  the  curve  is  above  the 
r       0.10 

grades,  r  is  positive  (+). 

Elev.  P.  C.  =  Elev.  P.  I.  -  ^  =  202.40 -  MX.?  ^  20O.OO. 

Sta.  of  P.  C.  =  20  -  ^  =  16. 

Elev.  P.  T.  =  Elev.  P.  I.  +  ^  =  202.40  +  ^^^^  =  208.00. 
Sta.  of  P.  C.  =  20  +  ^  =  24. 

200.00  =  Elev.  P.  C.  Sta.  16. 
(12+    ir)  =  H-0.60  +  0.05  =+    065 

200.65  =  Elev.  Sta.  17. 
(/2  +  li  r)  =      0.60  +  0.15  =  +    0.75 

201.40  =  Elev.  Sta.  18. 
(ft  +  2ir)=      0.60  +  0.25  =  +     0.85 

202.25  =  Elev.  Sta.  19. 
(i2+3ir)=      0.60  +  0.35  =+    0.95 

203.20  =  Elev.  Sta.  20. 
(R  +  4i  r)  =      0.60  +  0.45  =  +     1.05 

204.25  =  Elev.  Sta.  21. 
(R  +  5i  r)  =     0.60  +  0.55  =  +     1.15 

205.40  =  Elev.  Sta.  22. 
(i?-f  6ir)=      0.60+0.65  =+     1.25 

206.65  =  Elev.  Sta.  23. 
(R  +  7}  r)  =     0.60  +  0.75  =  +     1.35 

208.00  =  Elev.  P.  T.  Sta.  24. 

which  checks  with  the  previously  determined  elevation  for 
station  24. 

To  determine  a  vertical  curve  by  offsets  from  the  tangent 
grades. 

In  the  parabola,  offsets  from  the  tangent  to  the  curve,  that 
are  parallel  to  the  diameter,  vary  as  the  square  of  their 
distance  from  the  point  of  tangency. 

The  offset  at  the  center  or  vertex  of  the  curve  is 

^~4  -4><2><^«      8^ r 
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N 
and  its  distance  from  the  point  of  tangency  is  -^ '     Let  O  be 

any  other  offset  and  n  its  distance  from  the  point  of  tangency. 

Then  T-rrrrr  =  -i  •         .'.     0  -  E- 


m-  w 


If  the  curve  is  divided  into  an  even  number  of  stations, 

each  n  in  length,  then  the  stations  are  distant  from  the  tan- 

N 
gent  point  1  n,  2  n,  3  n  and  so  on  to  -^3  • 

If  the  corresponding  offsets  are  Oi,  Os,  Oi  and  so  on  to  £, 

thpn       n-B-liSl!    n-pll^l!    n-p(3i)' 

then        Oi-Ejj^,  Oi-Ej^,  0,=  £r— ^ 

Uj  [2)  [2} 

and  so  on  to  ^, 

or      Oi=4JS?^2'   ^2  =  4^^'   O3=4^^'andsoonto^, 

or      0i  =  5^,   02=45^,   0,=  95^,, 

or      0i=5^»  02=4  XOi,  0j=9X0i,  O4  =  16  X  Oi,  etc. 

^_  Dositi V6  r  -^  ^  above 

The  offsets  are        .        )    :  when  the  curve  is  ,    ,       the 

mmus  (— )  below 

tangent  grades. 

Example  1. 

An  ascending  1.00%  grade  intersects  a  descending  0.80% 
grade  at  station  20,  elevation  200.00. 

R  =  +  1.00;  /2i  =  -0.80; 

dR=^(R-  Ri)  =  [+  1.00  -  (-  0.80)1  =  1.8; 

^-f  rfB-^Xl.8=9.0, 

assuming  the  curve  10  stations  long. 

Elev.  P.  C.  =  Elev.  P.  I.  -  ^  =  200.00  -  L5^i?  =  195.OO. 

Sta.  P.  C.  =  20  -  ^  =  15. 

Elev.  P.  T.  =  Elev.  P.  I.  -  ^  =  200.00  -  M.^il?  ^  195.00. 

Sta.  P.T.  =20+^=25. 
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Since  the  curve  is  below  the  tangent  grades,  the  offsets  are 
minus  (— ).  The  offsets  are  symmetrical  about  the  center  of 
the  curve. 


Tan. 

Curve 

Sta. 

Offsets 

Grade 

Elev. 

P.  C.   15 

0  = 

-0.00 

195.00 

195.00 

16 

Oi'-S^^       '"^^^lOO 

=  -0.09 

196.00 

195.91 

17 

Oi  =    4X0i  = 

-0.36 

197.00 

196.64 

18 

Oa  =    9  X  Oi  = 

-  0.81 

198.00 

197.19 

19 

Oi  =  16  X  Oi  = 

-1.44 

199.00 

197.56 

20 

06=25XOi  = 

-  2.25 

200.00 

197.75 

.21 

0(,=: 

- 1.44 

199.20 

197.76 

22 

07    = 

-0.81 

198.40 

197.59 

23 

08    = 

-0.36 

197.60 

197.24 

24 

O9  = 

-0.09 

196.80 

196.71 

P.T.  25 

Oio  = 

-0.00 

196.00 

196.00 

The  proper  length  of  eurve  to  use  sjbould  be  determined 
as  before,  so  that  this  method  simply  offers  a  choice  of  means 
for  determining  the  elevations  of  the  intermediate  stations. 
This  method  is  convenient  where  the  length  of  the  curve  is 
fixed  by  physical  or  other  conditions,  such  that  the  curve  is 
short  and  the  points  on  the  curve  are  desired  at  other  than 
100-ft.  distances. 


CHAPTER  X 

Capitalization  —  Annual  Cost  —  Equivalent  Cost 

Determination  of  the  relative  economy  of  two  or  more 
articles  is  a  matter  of  common  sense  and  knowledge  of  all 
local  conditions  affecting  the  ultimate  result  assisted  by 
certain  mathematical  deductions. 

An  opinion  based  on  good  judgment  substantiated  by 
mathematical  demonstration  should  certainly  be  worthy  con- 
sideration, and  the  better  the  knowledge  of  all  phases  of  the 
situation,  the  better  the  judgment  displayed  in  placing  a 
proper  value  upon  the  elements  of  the  mathematical  equa- 
tions, the  more  surely  are  the  chances  of  error  in  the  result 
decreased. 

Various  methods  of  assistance  in  arriving  at  a  conclusion 
as  to  relative  economy  will  be  given,  all  of  which  give  the 
same  order  of  merit  and  into  which  always  enter  at  least 
jfour  elements: 

1.  Cost,  which  should  include  cost  of  raw  material,  cost  of 
fabricating,  cost  of  transportation  and  handling,  and  cost 
of  placing  or  erecting. 

2.  Life,  that  is,  the  time  elapsing  between  the  date  of  instal- 
lation and  the  date  when  it  becomes  necessary  to  renew  or 
replace. 

3.  Cost  of  replacing  or  renewing. 

4.  The  cost  of  money  or  rate  of  interest. 
To  these  may  be  added, 

5.  Maintenance,  which  is  the  cost  of  repairs  or  depreciation. 

6.  Salvage,  the  scrap  value  of  the  article  at  the  close  of 
its  period  of  usefulness. 

In  the  formulas  to  be  developed,  only  the  first  five  ele- 
ments shall  be  considered. 

On  a  basis  of  Capitalization,  that  article  is  considered 
the  cheapest  which,  present  conditions  prevailing,  will  re- 
quire the  least  amount  to  install  it,  and  to  be  set  aside  now  at 
compound  interest  to  reproduce  it  forever. 
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Capitalization  is  made  up  of, 

a.  First  cost  =  C. 

b.  The  amount  at  simple  interest  necessary  to  produce  an- 
nually in  interest  the  cost  of  maintenance,  equal  to  M'  =  ^  • 

c.  The  amount  at  compound  interest  necessary  to  produce 
in  interest  during  the  life  of  the  article  the  first  cost  of  it, 

C 
equal  to  C  = —-rt • 

Total  capitalization  ==  (C  +  M'+  C)  =  j^^^ ^  ^  "^  f '  ^^^ 

where  N  =  the  years  of  life  of  the  article,  R  = :r^ 1 

and  M  =  cost  per  year  to  maintain. 

As  sometimes  occurs,  the  cost  of  maintenance  is  the  same 
for  the  articles  considered,  and  may  be  neglected,  then 

Total  capitalization  =  ,f  ^}  tsN^^  . '  (2) 

(1  +  it;  *  —  1 

On  the  basis  of  Annual  Cost,  that  article  is  the  cheapest 
which  shows  the  least  annual  cost. 
Annual  cost  is  made  up  of, 

a.  Interest  on  first  cost  =  7  =  CR, 

b.  The  amount  that  must  be  spent  annually  for  main- 
tenance =  M. 

c.  The  amount  that  must  be  set  aside  annually  at  com- 
pound interest  to  provide  for  renewal  at  the  expiration  of 

CR 
the  life  of  the  article,  equal  to  ^  = rr 

Total  annual  cost  =  {I  +  M  +  F)  ^  CR(l-\-R)  ^  ^ 
Neglecting  cost  of  maintenance. 

Total  annual  cost  = _  ., (4) 

From  inspection  of  equations  (1)  and  (3)  and  (2)  and  (4) 
it  will  be  noted  that  annual  cost  is  simple  interest  on  the 
total  capitalization,  and  the  equation  for  it  might  have  been 
written  without  special  development  since,  if  the  money  was 
actually  borrowed  or  set  aside  to  provide  the  total  capitaliza- 
tion, its  annual  cost  would  be  the  interest  on  it. 
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On  the  basis  of  EqulTalent  Cost  one  article  costs  the  same 
as  another  when  the  total  capitalization  or  total  annual  cost 
of  one  is  equal  respectively  to  that  of  the  other. 

Thus  if  C  and  A^  are  the  first  cost  and  the  life  of  one  article 
and  C  and  A^'  those  of  another,  by  substituting  these  values 
separately  in  equations  (1)  and  (2),  equating  and  solving 
for  C,  the  value  of  C  is  obtained  such  that  the  cost  of  C  is 
equivalent  to  the  cost  of  C.    Expressed  as  an  equation, 

From  equation  (1) 

^,_rC(\+R)^     (l+ii>)i\r^-,l-[    rj|/-M%.(l+igF-l-| 
L<l+/2)^-l^    (1+/2F  J-^L     72     ^    (l+ft)^'  J 

(5) 
From  equation  (2),  where  maintenance  is  neglected, 

^"■(1  +  72)^-1^     {l+RW  ^^^ 


CHAPTER  XI 

Miscellaneous  Formulas  and  Rules  of  the  Thumb 

This  chapter  includes  some  exact  and  some  approximate 
formulas  that  are  respectively  necessary  and  convenient  to 
know.  To  separate  the  exact  from  the  approximate  would 
prevent  presenting  the  subject-matter  in  the  most  convenient 
form  for  ready  reference.  By  inspection  the  exact  methods 
are  at  once  distinguished  from  the  approximate,  and  proper 
weight  may  be  given  to  each. 

Frequently,  in  preliminary  estimates  and  in  preparation  of 
study  plans,  sufficient  time  cannot  be  had  for  making  carefully 
computed  detailed  plans  and  estimates,  even  if  otherwise  they 
were  justified.  The  engineer  is  thus  sometimes  reduced  to 
the  choice  of  a  guess  or  an  approximation.  The  rules  of 
the  thumb  are  given  to  lessen  guessing  by  affording  a  means 
of  easily  making  reasonably  close  approximations.  They  are 
not  presented  as  criteria  for  design. 

Where  the  origin  of  a  formula  is  known  it  will  be  given. 
Otherwise,  if  a  quotation,  the  author  will  have  to  be  satis- 
fied with  the  honor  of  being  quoted. 

Acres:  Multiply  sq.  ft.  by  23  and  point  off  6  decimal 
places. 

Multiply  100  ft.  stations  of  100  ft.  wide  right  of  way  by 
0.23. 

Bridge  Weights: 

{  =  length  of  span, 
w  «  weight  per  linear  foot, 
p  =  live  load  per  linear  foot. 

Highway  Bridges^  with  16  ft.  wide  roadway,  weight  per 
linear  foot, 

u;  =  0.05  Z  Vp  +  50. 

For  the  common  value  of  p  =  1600  lbs.  per  foot,  the 
formula  becomes,  weight  per  linear  foot, 

U7  =  2  /  +  50. 
159 


160  TBACK  FORMULA 

For  bridges  of  less  or  greater  width  than  16  ft.  subtract 
or  add  an  amount  per  foot  equal  to  0.2  I  for  each  two  feet 
change  in  width. 

To  the  weight  of  steel  must  be  added  the  weight  of  the 
wooden  floor,  joists,  etc.,  estimated  usually  at  4  lbs.  per  ft. 
B.M. 

Railvxiy  Bridges.  —  For  bridges  designed  for  a  live  load 
consisting  of  two  182i-ton  locomotives,  followed  by  a  uni- 
form load  of  5000  lbs.  per  foot  (Cooper's  J^  —  50  loading), 
and  having  open  floors: 

For  deck  plate  girders,  weight  per  linear  foot, 

w^l2il  +  100. 

For  through  plate  girders  with  beams  and  stringers,  weight 
per  linear  foot, 

w  =  14Z  +  450. 

For  trusses,  weight  per  linear  foot, 

m;  =  8Z  +  700. 

To  the  weight  of  steel  must  be  added  the  weight  of  track, 
amounting  to  from  400  to  500  lbs.  per  foot. 

The  formulas  here  given  are  to  be  considered  as  only 
roughly  approximate.  —  From  "  Modem  Framed  Structures," 
Johnson,  Bryan  and  Tumeaure. 

Bridge  TowerSj  for  Steel  Viaducts.  —  The  following  rules  of 
the  thumb  give  roughly  the  approximate  weight  of  metal  in 
pounds. 

For  towers: 

20  ft.  high,  lbs.  metal  =  profile  area  in  sq.  ft.  X  26. 

20-30  ft.  high,  lbs.  metal  =  profile  area  in  sq.  ft.  X  24. 

30-40  ft.  high,  lbs.  metal  =  profile  area  in  sq.  ft.  X  20. 

40-60  ft.  high,  lbs.  metal  =  profile  area  in  sq.  ft.  X  19, 

60-90  ft.  high,  lbs.  metal  =  profile  area  in  sq.  ft.  X  17. 

Bridge  Span,  Economical  Length  of.  —  Physical  conditions 
permitting,  the  economical  bridge  span  is  one  of  such  length 
that  the  cost  of  the  superstructure  equals  the  cost  of  the 
substructure.  If  the  piers  are  of  equal  cost,  then  theoretically 
the  length  of  span  is 

-  .  /lOOc 


-^v/' 


ap 
L  =  total  length  of  bridge. 
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c  »  cost  of  one  pier  in  dollars, 

!12  for  girders, 
5  for  trusses, 
p  =  cost  per  pound  of  iron  in  cents, 
z  »  most  economical  length  of  span. 

— From  "Elements  of  Railroad  Engineering,"  by  Wm.  G. 
Raymond. 

Concrete. — Approximate  quantities  of  materials  per  cu.  yd. 

bbls.  of  cement  = ^ — — — j— n 7 — r-i--  » 

sum  of  parts  of  all  matenals 

bbls.  of  sand  =  bbls.  cement  X  parts  of  sand, 
cir.  yds.  sand  =  -^  X  bbls.  of  sand. 

bbls.  of  stone  =»  bbls.  cement  X  parts  of  stone. 

3  8 
cu.  yds.  stone  =  -^  X  bbls.  of  stone. 

Examfle', 

Required,  cement,  sand  and  stone  for  1  cu.  yd.  1-3-6 
mixture. 

bbls.  cement  =  ^   ,  »  ,  ^  =1.10. 

1  -|-d  +0 

cu.  yds.  sand  =  1.1  X  3  X  ^  =  0.46  +. 

3  8 
cu.  yds.  stone  =  l.l  X  6  X  ^  =  0.93  —  . 

For  100  cu.  yds.  concrete  1-3-6  mixture  there  are  required 
approximately  110  bbls.  cement,  47  cu  yds.  sand,  and  93 
cu  yds.  stone. 

With*  good  Portland  cement,  broken  stone  or  screened 
gravel,  a  1-3-6  mixture  may  be  used  for  general  purposes, 
such  as  walk  foimdations,  walls,  foimdations,  cellar  floors, 
milk  houses,  sewers,  machine  foundations  and  similar  work. 

A  1-2-4  mixture  should  be  used  for  engine  foundations 
and  structures  subjected  to  pounding  or  vibrations. 

A  1-4-^  mixture  may  be  used  for  large  masses  of  concrete 
subjected  to  compression  only,  such  as  street  foundations  and 
similar  work. 

More  exact  proportions  of  materials  for  concrete  are,  for 
one  cu.  yd.  rammed  concrete,  of  stone  2|"  and  under  with 
dust  screened  out: 
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Mixture. 
1-4-8 
1-3-6 
1-2-4 


Bbls.  Cement. 
0.78 
1.02 
1.48 


Cu.  yds.  Sand. 
0.48 
0.47 
0.45 


With  screened  gravel  f"  and  under: 

Mixture.  Bbls.  Cement.  Cu.  jrds.  Sand. 
1-4-8                   0.71  0.43 

1-3-6  0.92  0.42 

1-2-4  1.34  0.41 


Cu.  yds.  Stone. 
0.95 
0.93 
0.90 

Cu.  yds.  Gravel 
0.86 
0,84    . 
0.81 


'    Cementy  Portland.  —  1  cu.  ft.  weighs  100  lbs. 

1  bbl.  contains  3.8  cu.  ft. 

1  bbl.  for  shipping  weighs  (gross)  400  lbs. 

1  sack  =  i  bbl.  and  either  in  paper  or  cloth  weighs  95 
lbs.  —  From  Speed  Portland  Cement  Co. 

CuTTes.  —  Curve  resistance  results  finally  in  compensating 
grade  for  curvature.  The  proper  compensation  in  grade  per 
degree  of  curve  per  100  ft.  has  been  variously  recommended 
to  be  from  0.025%  to  0.05%.  The  American  Railway  En- 
gineering and  Maintenance  of  Way  Association  recommends 
that  the  compensation  shall  usually  be  0.035%. 

Where  compensation  may  be  made  without  materially 
increasing  the  cost  or  difficulty  of  the  work,  it  should  be 
liberal,  even  0.04  to  0.05%.  Where  compensation  may  be 
had  only  at  greatly  increased  difficulty  and  expense,  then  the 
least  possible  compensation  to  assure  equal  resistance  on 
the  curves  and  tangents  should  be  used.  From  experience 
and  the  best  theoretical  computations  available  the  recom- 
mendations of  Dean  W.  G.  Raymond  in  his  "Elements  of 
Railroad  Engineering "  seem  advisable.    These  are:  • 


Degree  of  Curve 

1 

2-4 

5  and  over 

Grade  compensation  per  degree 
per  100  feet 

0.04 

0.03 

0.025 

Curves f  Approximate  Determination  of  Degree  of.  —  The 
degree  of  a  curve,  in  degrees,  is  equal  to  the  mid-ordinate  to 
a  sixty-two  (62)  foot  chord  to  the  gage  side  of  the  outer  rail 
of  the  curve,  the  ordinate  being  measured  in  inches. 

The  above  is  useful  in  lining  old  track  where  there  are 
no  center  stakes. 


UI8GELLAITEOUS    FORMULAS    AKD   KDLES         163 

The  degree  of  a  rample  railroad  curve  may  be  approxi- 
mately detennined  by  eye  with  the  assiBtance  of  the  ffillowiog 
diagram  baaed  on  the  approidniBte  formulas: 


For  33-ft.  twls,  iV  = 


■  For  30-ft.  rails, 


/240 


iV  =  Qumber  of  rail  lengths  and  fraction  thereof  and  D  =  the 
degree  of  the  curve. 
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Sight  from  A  on  the  out^  rail  tangent  to  the  inner  rail  at 
B  to  the  outer  rail  at  C  Count  the  number  of  rails  and  the 
fraction  of  a  rail  in  the  arc  QEk.  The  degree  of  the  curve 
may  be  taken  from  the  proper  curve  of  the  diagram. 

CwniM,  Elevalion  of  Outer  Rail  on.  —  Generally  the  maxi- 
mum elevation  of  the  outer  rail  of  curves  should  never  exceed 
seven  (7)  inches  to  eight  (8)  inches,  and  the  maximum  velocity 
around  a  given  curve  should,  other  conditions  of  the  track 
permitting,  be  limited  to  the  velocity  corresponding  to  the 
maximum  elevation.  The  run-off  or  approach  to  curves 
should  be  uniform  and  should  attain  the  full  elevation  at 
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the  P.  C.  and  P.  T.  of  the  curve,  except  on  reverse  curves  or 
curves  with  short  tangents.  The  American  Railway  En- 
gineering and  Maintenance  of  Way  Association  reconunends 
**  that  the  run-off  be  made  at  the  rate  of  one  (1)  inch  in 
sixty  (60)  feet."  In  ordinary  practice  a  run-off  of  one  (1) 
inch  in  forty  (40)  feet  will  give  satisfactory  results.  The 
run-off  may  begin  on  the  curve  where  the  length  of  tangent 
between  two  curves  is  not  sufficient  for  the  entire  run-off  for 
both  curves  to  be  on  the  tangent.  In  such  cases  the  distances 
from  the  P.  C.  and  P.  T.  of  the  adjacent  curves  to  the  point 
of  level  track  on  the  tangent  should  be  proportionate  to  the 
elevation  of  the  curves.  The  point  of  level  track  on  reverse 
curves  should  be  at  the  P.  R.  C.  The  low  rail  should  be 
maintained  at  grade. 

Let  R  —  Radius  of  curve  in  feet, 
V  =  Velocity  in  miles  per  hour, 

g  =  Acceleration  due  to  gravity  =  32.16, 
E  =  Elevation  of  outer  rail  in  feet, 

e  =  Elevation  of  outer  rail  in  inches. 

Then  in  a  form  easy  to  remember:  The  elevation  of  the 
outer  rail  in  feet  is  equal  to  gravity  times  the  square  of  the 
velocity  in  miles  per  hour  divided  by  one  hundred  times 
the  radius  in  feet,  or 

100/2' 
and  in  inches 

^  12  gV^ 
^      100  r' 

R  =  —jr-  y  where  D  is  the  degree  of  curve  in  degrees  and 

decimals. 
Whence 


E  =  0.000056126  V^D. 
e  =  0.00067351  V^D. 

For  industrial  tracks  having  curves  of  16  degrees  and  over 
very  little  elevation  should  be  given  to  the  outer  rail.  Ex- 
perience has  shown  that  in  cities  or  towns  for  industrial 
tracks  with  curves  from  20  to  30  degrees,  and  over  which  a 
velocity  of  10  miles  an  hour  is  rarely  ever  attained  and 
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seldom  if  ever  exceeded,  no  elevation  should  be  given  to 
the  outer  rail. 

Curves,  Widening  Gage  mi,  —  The  American  Kailway 
Engineering  and  Maintenance  of  Way  Association  makes 
the  following  recommendation: 

''  Curves  eight  degrees  and  under  should  be  standard 
gage.  Gage  should  be  widened  one-eighth  inch  for  each  two 
degrees  or  fraction  thereof  over  eight  degrees,  to  a  maximum 
of  4  ft.  9^  in.  for  tracks  of  standard  gage.  Gage,  including 
widening  due  to  wear,  should  never  exceed  4  ft.  9i  in." 

"  The  installation  of  frogs  upon  the  inside  of  curves  is  to 
be  avoided  wherever  practicable,  but  where  same  is  unavoid- 
able, the  above  rule  should  be  modified  in  order  to  make 
the  gage  of  the  track  at  the  frog  standard." 

Gage  should  not  be  widened  until  the  wheels  of  the  engine, 
which  form  its  rigid  wheel  base,  bind.  Any  track  around 
which  the  engine  will  go  is  wide  enough  gage  for  the  cars 
that  follow.  Very  few  engines  will  bind  on  curves  as  sharp 
as  eleven  or  twelve  degrees.  Wide  gage  certainly  increases 
the  cost  of  rail  maintenance,  and  especially  the  wear  on  the 
inner  rail,  which  it  causes  to  flow  imder  the  pressure  of  the 
worn  wheel  treads. 

Foundations.  —  To  Resist  Overturning  it  is  variously  ap- 
proximately estimated  that  the  base  of  a  retaining  wall 
should  be  0.40,  (0.40  -f  1)  and  0.45  times  its  height. 

To  Resist  SettlemenL — The  L.  &  N.  R.  R.  Co.,  based  on 
Rankine's  Theory  of  Earth  Pressure,  approves  the  following. 
Assuming  a  natural  slope  of  1^  to  1,  for  each  foot  depth  of 
foundation  below  the  undisturbed  surface  of  the  soil,  a  pres- 
sure of  600  lbs.  per  sq.  ft.  of  bearing  surface  may  be  conser- 
vatively assumed  for  foundations  upon  dry  sand.  If  the 
foundation  were  placed  in  a  cellar  or  other  excavation,  the 
pressure  per  square  foot  of  bearing  surface  should  not  exceed 
600  lbs.  for  each  foot  in  depth  of  foundation  below  the  level 
of  the  cellar  or  other  excavation. 

The  Bridge  Department  of  the  I.  C.  R.  R.  Co.  approves  a 
pressure  of  two  tons,  equal  4000  lbs.,  per  sq.  ft.  of  bearing  sur- 
face for  bridge  piers,  pedestals,  abutments,  etc.,  for  foundations 
on  ordinary  soils  having  a  natural  slope  of  li  to  1.  Where 
piles  are  used  in  foundations,  15  tons,  equal  30,000  lbs.,  pres- 
sure per  pile  is  used. 
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Grade  Resistance.  —  Grade  resistance  in  pounds  per  ton 
of  2000  pounds  equals  20  times  the  rate  per  cent  of  grade. 

/J(j=20r.  Thus  for  a  1.0%  grade  /2g=  20X1.0  = 
20  pounds  where  Rq  =  Resistance  due  to  grade.  —  From 
A.  M.  Wellington. 

Gradey  Equivalent  Tangent  Grade.  —  If  the  location  and 
elevation  of  both  the  foot  and  summit  of  a  grade  are  fixed, 
where  a  portion  of  the  distance  is  curve  and  a  portion  tan- 
gent, a  grade  of  uniform  resistance  is  the  equivalent  tangent 
grade  and  may  be  found  as  follows: 


Fig.  65. 

A  and  B  are  the  points  the  location  and  elevation  of  which 
are  fixed.  Let  L  =  total  distance  in  stations  of  100  ft.; 
H  =  total  rise  between  A  and  B  in  feet;  I  =  length  in  sta- 
tions of  a  curve  from  e  to  f;  D  —  degree  of  curve;  c  =  com- 
pensation per  degree  per  station;  R  =  rate  minimum  uniform 
grade  from  AtoB;  Ri=  rate  of  equivalent  tangent  grade. 

{L-l)Ri  +  l (Ri-  Dc)^H^  LR, 
LRi  -  IDc  =  LRy 

Ri=  R  -{-  —j- 

and  where  A  =  total  central  angle  of  the  curve,  then 

Ri—  R  -\-  -Y' 

If  there  are  more  than  one  curve  between  A  and  B  the  prob- 
lem is  easily  extended.     Thus, 


L        "  '     L 
LocomotlTe  Rating.  — 

Tractive  effort  of  adhesion  ^  Ta=  2000 A TFd. 

Cylinder  tractive  effort  =  Tc  =  —jr-  (gross). 


(1) 
(2) 


=  ^^  X  0.85  (net).      (3) 


MISCELLANEOUS    FORMULAS    AND    RULES  167 

A »  Coefficient  of  adhesion  between  the  driving  wheels 
and  the  rail,  which  may  vary  under  different  condi- 
tions from  i  to  1^  or  less,  but  which  under  ordinary 
conditions  is  assumed  to  be  i,  in  winter  probably  i, 
Wd  =  Total  weight  on  drivers,  in  tons  of  2000  lbs., 

P  «  Boiler  pressure  in  pounds  per  square  inch, 

d  =  Diameter  of  cylinder  in  inches, 

S  =  Length  of  stroke  of  piston  in  inches, 

D  —  Diameter  of  drivers  in  inches, 
0.S5  =»  Coefficient  of  reduction  due  to  loss  in  friction  of 
parts,  etc. 

T 
Gross  rating  =  ^p-  (4) 

T  =  Tractive  effort  in  pounds, 

Z/S  —  Total  resistance  in  pounds  per  ton  of  2000  lbs., 

ZR^Rq-^'Rtj  (5) 

5^  =  20  r  =  0.379  E,  (6) 

r  =  Rate  per  c«it  of  grade, 
E  =  Rise  in  feet  per  mile, 

Rt  —  Train  resistance  in  pounds  per  ton. 

A  locomotive  will  probably  haul  a  maximum  load  at  a 
velocity  of  from  7  to  10  miles  per  hour.  Ordinarily  a  velocity 
of  12  miles  per  hour  is  assumed  a  fair  average  velocity  for 
heavily  loaded  freight  trains. 

In  rating  locomotives  the  Illinois  Central  Railroad  assumes 
a  velocity  of  12  miles  per  hour  and  a  train  resistance  of  6.1 
pounds  per  ton  of  2000  pounds. 

Cluett's  formulas  to  fit  the  train  resistance  curves  of  the 

late  A.  M.  Wellington  give  at  12  miles  per  hour. 

For  loaded  trains  4.99  lbs.     -  /,  /^»t  iu 

x^  i.    A    •      T 1  e  lu       Average  6.07  lbs. 

For  empty  trains  7.15  lbs.  ® 

W.  G.  Raymond's  formulas  give 

For  loaded  trains  4.39  lbs.     .  ^  on  lu 

•CI  A    X    •      £1  ne  iu       Average  5.22  lbs. 

For  empty  trains  6.05  lbs. 

Engineering  News  and  Baldwin  Locomotive  Works 
Formulas  give 

Train  resistance  =  5  lbs.  per  ton  of  2000  lbs. 

Neglecting  the  last  result,  which  does  not  take  into  account 
the  make-up  of  the  train,  and  since  the  average  train  is  made 
up  of  both  loads  and  empties,  a  train  resistance  somewhere 
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between  the  upper  and  lower  limits  of  Cluett's  and  Ray- 
mond's formulas  may  be  expected. 

The  resistance  of  6.1  lbs.  should  be  conservative.  When 
comparing  the  performance  of  a  particular  engine  on  two 
different  grades  the  relative  advantage  of  one  grade  over 
the  other  should  be  determined  with  sufficient  accuracy  by 
the  adoption  of  6.1  lbs.  as  the  train  resistance. 

From  equations  (3),  (4),  (5)  and  (6) 

^  ,.  0.S5  Pd^S  0.85  P(PS 

Gross  ratmg  =  ^(20r  +  6.1)  =  D  (0.379  ^  +  63)  *  ^^^ 

At  12  miles  per  hour  the  locomotive  should  be  able  to 
develop  the  full  cylinder  effort  indicated  in  equation  (3). 
Test  should  be  made  to  be  assured  that  (3)  does  not  exceed 

(1) ;  thus  ^— — j^ should  never  exceed  2000  •  A  •  Wd. 

The  load  in  tons  of  2000  lbs.  that  may  be 'hauled  behind 
the  tender  is  the 

p..  0.85  Pd'^         ^_         0,S5  PcPS  ^    ,g. 

UMing  -  2> (20r  +  6.1)      ^  ~  D  (0.379  G  -f  6.1)      ^'   ^^^ 

W  =■  weight  of  locomotive  and  loaded  tender. 

Given  the  rating  of  a  locomotive  j  to  find  the  grade  correspond- 
ing to  it. 

1  FTractive  effort      rn    •         •  i.        1  /«x 

r  =  j^TT    -7s 7^ Train  resistance  I  •  (9) 

20  L  Gross  rating  J  ^  ' 

Given  the  rating  of  a  locomotive  on  two  different  grades  and 
the  trains  required  on  one  grade j  to  find  the  trains  required  to 
handle  the  same  tonnage  on  the  other  grade. 

-,    .        ^    .  Tonnage   Tonnage 

Trainsi :  Tramsa : :  ^  ^.       :  t^  ,.       • 

Katingi     Ratmg2 

rr    •  Trainsi  X  Ratingi 

^"^ RSIHi ^«> 

The  above  holds  true  whether  it  is  considered  that  each 
train  hauls  the  full  tonnage  rating  or  whether  from  train  and 
tonnage  statistics  the  average  train  load  is  less  than  the 
rating  and  it  is  considered  that  the  average  load  on  the  new 
grade  is  increased  by  the  same  per  cent  as  the  rating 

Where  the  number  of  trains  and  tonnage  are  fixed 

^^  =  ^-  (11) 
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Having  the  rating,  the  rate  of  grade  may  be  found  by 
equation  (9). 

Where  the  tonnage  is  different  in  either  direction  over  a  division 
and  the  number  of  trains  must  be  kept  the  same.  Given  one 
rate  of  grade,  to  determine  rate  of  grade  in  the  other  direction. 

Determine  the  rating  on  the  known  grade  by  equation  (8), 
which  call  ratingi.    Then 

^    .  Tonnagei     ,     ^    •         Tonnage2 

Trainsi  =   ^  .         >  a'so  Trams2  =  „  ^.        • 
Ratmgi  Ratmg2 

But  the  trains  must  be  kept  the  same;  therefore 

Tonnagei  _  Tonnage^ 
Uatingi         Rating2 

and  Rating,  =  ?:?^5E??!i>iR5ti5I'.  (12) 

^  1  onnagei 

From  equation  (9)  the  corresponding  rate  of  grade  may  be 
determined. 

Miles.  —  Multiply  feet  by  19  and  point  off  5  decimal 
places. 

Piles,  Srt/e  Load /or. — 

Engineering  News  Formula  of  A.  M.  Wellington,  from 
"  Elements  of  Railroad  Engineering,"  by  W.  G.  Raymond. 

a  -    T      ,       2Wh 
Safe  Load  =  o  i  i' 

«  + 1 

W  =  Weight  of  hammer  in  pounds, 
h  -  Fall  of  hammer  in  feet, 

S  =  Penetration  of  pile  in  inches  under  last  blow. 

The  arbitrary  constant  1  is  added  to  allow  for  earth  set- 
tling around  pile  between  blows,  and  where  blows  are  rapid, 
as  with  a  steam  hammer,  may  be  reduced  to  ^. 

BaU  Section.  —  Approximate:  80-lb.  rail  is  5"  high  and 
has  a  5"  base.  For  each  increase  or  decrease  of  i^^"  in  height 
or  width  of  base  add  or  subtract  5  lbs.  per  linear  yard. 

Rail,  Weight  of,  per  Mile  of  Track.  — 

Gross  tons  =  V  X  Weight  per  linear  yard  of  rail. 

Short  tons  =  i  X  Weight  per  linear  yard  of  rail. 
"  Track  "  Railroad  Supply  Co. 

Exact:  One  mile  of  track  of  100-lb.  rail  requires  157.1429 
gross  tons. 

One  mile  of  track  of  100-lb.  rail  requires  176.00  short  tons. 
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Right  fii  Way*  —  The  average  railroad,  having  generally 
100  ft.  wide  right  of  way,  requires  for  all  purposes  an  aver- 
age of  13|  acres  of  waylands  per  mile. 

Right-angled  Triangles  of  Small  Altitude.  —  • 

Let  a  be  the  altitude,  b  the  base  and  h  the  hypotenuse. 

at 

Given  a  and  h,  then  '6  =  ^  —  jr-r  • 

/  n 

a* 
Given  a  and  6,  then  ^  —  ^  +  oT  * 

This  is  sufficiently  close  for  most  purposes  where  the  altitude 
is  i  the  base  or  less.  With  base  4,  altitude  1,  error  <  J  of 
1%.  —  From  A.  M.  Wellington. 

Train  Resistance.  — 

For  fully  loaded  trains, 

Rt  =  3.8  +  0.0076  7«  +  ^y^^if 
For  empty  trains. 

By  Sanford  L.  Cluett  tp  fit  train  resistance  curves  of  the 
late  A.  M.  Wellington. 
For  fully  loaded  trains, 

Rt  =  3.5  +  0.0055  F«  +       ^^ 


(V  +  1)« 
For  empty  trains, 

Rt  =  5.0  +  0.007 72 -I-  jy^^' 

—  From  "Elements  of  Railroad  Engineering,"  W.  G.  Ray- 
mond. 

Tons.  —  For  gross  tons  multiply  pounds  by  45  and  point 
ofif  5  decimal  places. 

Track.  — 

Lead  for  s'plit  switches.  —  Approximate: 

S  —  length  of  switch  rail  in  feet, 
W  =  distance  from  point  to  toe  of  frog, 
N  =  number  of  frog, 
"^"  in  feet 
"i/"  in  inches^      ' 
H  =  heel  distance. 
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Badvua  of  lead  curve 

Degree  of  lead  curve  =  D  —     p   • 

Degree  of  lead  curve  for  turnouts  on  curves. 

From  the  outside  of  a  curve, 

Degree  of  lead  curve  =  Degree  of  lead  for  straight  track 
minus  Degree  of  given  curve. 

From  the  inside  of  a  curve, 

Degree  of  lead  curve  =  Degree  of  lead  curve  for  straight 
track  plus  degree  of  given  curve. 

Slip  Switches. — Distance  from  intersection  of  center  lines 
to  points  of  extreme  frogs  equals  NGj  to  points  of  near  frogs 

equab^. 

Crossovers.  —  Frog   Distance  —  Straight    Track  —  Same 

Number  Frogs  =  X  =  N  (P  -20)-  ^• 

N  =  Number  of  frog, 

G  —  Gage  of  tracks, 

F  =  Distance  center  to  center  of  tracks. 

DiffererU  Number  Frogs  — 


X-"'    o      ^(P-2G)- 


S\  NN'  I 


Frog  Distances    Concentric    Curved    tracks   same  as  for 
straight  tracks  with  curve  in  rails  between  heels  of  frogs. 

Waterways,  Area  of.  —  

Sq.  ft.  of  opening  required  =  C  VDrainage  Area  in  acres. 

=  1  for  gently  rolling  prairie, 

=  1.5  for  hilly  ground, 

=  4.0  in  mountainous  and  rocky  ground. 

—  Meyer's  Formula. 

Sq.  ft.  of  opening  required  =  C  V  (Drainage  Area  in  acres)^. 
^  =  i  to  J  or  less  for  very  long  valleys  and  no  accumulating 
snows,    , 
=  i  ±  for  rolling  agricultural  country  subject  to  floods 
from  melting  snow  and  for  valleys  of  lengths  of 
3  or  4  times  their  widths, 
=  J  to  1  for  steep  and  rocky  ground.  —  A.  N.  Talbot's 
Formula. 
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Meyer's  formula  is  said  to  give  too  large  waterwa3rs  for 
small  areas.  Talbot's  formula  is  said  to  give  rather  small 
waterways,  so  that  there  will  be  occasional  discharge  under 
head. 

Abstracted  from  "Elements  of  Railroad  Engineering/'  by 
W.  G.  Raymond. 

The  Illinois  Central  Railroad  uses  Talbot's  formula  with 
the  following  coefficients: 

C  =  1.  for  steep  ground 

=  f  for  moderately  steep  ground 
=  J  for  rolling  ground 
=  i  for  flat  farm  lands. 

These  coefficients  with  Talbot's  formula  form  the  basis  of 
table  given  later. 

In  practice  Talbot's  formula  and  the  coefficients  given 
above  serve  satisfactorily  as  an  aid  to  judgment  in  determin- 
ing the  size  of  waterways,  especially  for  new  work.  Plain, 
common  sense  and  intelligent  observation  at  the  site  of  the 
proposed  waterway  in  times  of  heavy  continued  rains  are 
the  best  guide  for  determining  the  proper  area  of  opening. 
Opportunity  for  observation  of  the  flow  at  the  opening  is  not 
always  possible,  but  should  not  be  neglected  when  it  is.  In 
placing  permanent  structures  under  existing  work,  the  actual 
volume  and  run-off  of  floods  may  and  should  be  studied. 
From  a  series  of  careful  observations  the  proper  area  of  open- 
ing may  be  more  correctly  determined  than  by  use  of  any 
formula. 


TABLES 


TABLE   1 

CONVERSION  TABLES 

Acres  =  0.000022957  X  sq.  ft. 

=  0.00626  X  sq.  rods. 

=»  0.10  X  sq.  chains. 
Acres  X  43560  =  sq.  ft. 

X  160  =  sq.  rods. 

X  10  =  sq.  chains. 
Brass  (cast),  pounds  of    »  504  X  cu.  ft. 

=  0.29167  X  cu.  in. 
Brass  (rolled),  pounds  of   =  524  X  cu.  ft. 

=  0.30324  X  cu.  in. 

Bushels,  U.  S.  «=  0.80356  X  cu.  ft. 

Bushels.  U.  S.  X  1.24446    »  cu.  ft. 
Copper  (cast),  pounds  of    =  642  X  cu.  ft. 

=  0.31366  cu.  in. 
Ck)pper  (rolled),  pounds  of  =  655  X  cu.  ft. 

=  0.32118  Xcu.  in. 
Ck)al,  anthracite,  average,  solid,  pounds  of  =»  96X  cu.  ft. 

average,  loose,  pounds  of  =  53  X  cu.  ft. 
Ck)al,  bituminous,  average,  solid,  pounds  of  =  83  X  cu.  ''t. 

average,  loose,  pounds  of  =  49  X  cu.  ft. 
Chestnut  (Dry),  pounds  of       ==»  41  X  cu.  ft. 

gross  tons  of  =  1.626  X  M  Ft.  B.M. 
short  tons  of  =  1.708  X  M  Ft.  B.M. 
Earth,  average  pounds  of  =  100  X  cu.  ft. 
Gallons,  U.  S.  =  7.48052  X  cu.  ft. 

=  0.004329  X  cu.  in. 
Gallons,  U.  S.  X  0.133681    =  cu.  ft. 

X  231  =  cu.  in. 
Lead,  pounds  of  =  709.6  X  cu.  ft. 

=  0.41065  X  cu.  in. 
Masonry,  stone  (average),  pounds  of  =  150  X  cu.  ft. 
brick  (average),  pounds  of  =  125  X  cu.  ft. 
MUes=  0.00018939  X  ft. 
=-  0.0005682  X  yards. 
=•  0.0031260  X  rods. 
Miles  X  5280  =  feet 
X  1760  =  yards. 
X  320    =  rods. 
Oak,  live  white,  pounds  of  =  48  X  cu.  ft. 

gross  tons  of  =  1.7857  X  M  Ft.  B.M. 
short  tons  of  =  2.0  X  M  Ft.  B.M. 
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Oik,  red  and  bUck. 


IS  n[  -  1. 
itaf-  1. 


X  M  Ft.  B.M. 
X  M  Ft.  B  M. 


Pine,  wulhera 


jf  -  45  X 
giioi  10DB  <rf  -  ].U74]  X  M  Fi.  B  U 
■horilanof- 1.S7SXMFI  B.M 
^  )  pound.  M  -  66  X  cu   ri 
griat  lona  or  -  2.4181  X  M  Fl.  B  M 
■bort  toDsot  -  Z.70S3X  M  Ft.  B  11. 


-  1  320  X 


0.  vd.. 


I.       pounda  ot  —  150X 
pounds  of-  175X 

-  0  0372024  X  Iba   pe 

-  0.0418667  Xlba  pe 

-  0.00044M3  X  11b 


ir-    0.0113G36X 


TABLE 

2 

Conveminn  ot  DecimalB  of  an  Inch  inln  Inches 

7^7« 

WR 

W7S 

M?S 

71-R 

RK7^ 

A 

i) 

771^ 

Jl 

il 

11 

MRl 

1! 

77,1.1 

ii 

.BBS; 

A 

nm}^ 

1641 

A 

„„ 

H 

.4141 

1! 

.S.1H1 

U 

IW.4I 

is 

7S91 

ii 

0141 

A 

0547* 

i  jja; 

li 

1047 

il 

i! 

il 

il 

H147 

il 

9247 

A 

.1863 

i 

37na 

f. 

4411 

A 

H 

nB.w 

H 

S2(l.l 

K 

.845-1 

A 

il 

i; 

4fiin 

II 

ii 

ii 

11 

d<> 

1016 

2266 

U 

lufi 

a 

47r.fi 

!J 

miH 

iS 

72r41 

i< 

s,iin 

!i 

B71'! 

i 

1172 

.2422 

1! 
1 

.3872 
382S 

u 

4 

4.22 

il 
i 

6172 

il 
i 

7422 

li 

1 

.Baas 

II 

■ 

.BB21 
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Hs-«'e-f.'CB--«-».-e™;E~3: 


^:-«'C-,'C«»'^i-.='-2™X„3S«,3f 


-c„'e^'e™-E-.'e«.3:-3£„a; 


-e^'e.tv^«,'^^-e.»>: 


-E^'^w,-e«>~e^-e«3:™a2«,a: 


j-.siaioaini-i.nij'oio"c[flah- 

liiiiiiliiiiiiiil 


— nT!~Fr-nra-re-iBT:-»-=-^-M-nro~fr"=ra — 


-ej,'^-rt'e™-E^.H2™3:„E,„a: 


-«--"£—- e"-c-*-c~;C'-=e"35.  ^ 
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TABLE  4 


Conversion  of  Linear  Feet  into  Miles 

Decimals  of  One  Mile 

Miles 

Feet 

Miles 

Feet 

Miles 

Feet 

Miles 

Feet 

20.4 

1346.4 

2666.4 

3986.4 

0.01 

0.2G 

0.51 

0.76 

79.2 

1399.2 

2719.2 

4039.2 

0.02 

0.27 

0.52 

0.77 

132.0 

1452.0 

• 

2772 .0 

4092.0 

0.03 

0.28 

0.53 

0.78 

184.8 

1504.8 

2824.8 

4144.8 

0.04 

0.29 

0.54 

0.79 

237.0 

1557.6 

2877 .6 

4197.6 

0.05 

0.30 

0.55 

0.80 

290.4 

1001.4 

2930.4 

4250.4 

O.OG 

0.31 

0.56 

0.81 

343.2 

1063.2 

2983:2 

4303.2 

0.07 

0.32 

0.57 

0.82 

390.0 

17()0.0 

3036 .0 

4356.0 

0.08 

0.33 

0.58 

0.83 

448.8 

1768.8 

3088.8 

4408.8 

0.09 

0.34 

0.59 

0.84 

501.0 

1S21 .G 

3141 .6 

4461.6 

0.10 

0.35 

0.60 

0.85 

554.4 

1874.4 

3194.4 

4514.4 

0.11 

0.3G 

0.01 

0.86 

007.2 

.1927.2 

3247.2 

4567.2 

0.12 

0.37 

0.62 

0.87 

GGO.O 

1983 .0 

3300.0 

4620.0 

0.13 

0.38 

0.63 

0.88 

712.8 

2032.8 

3352 .8 

4672.8 

0.14 

0.39 

0.64 

0.89 

765.  G 

20S5.0 

3405.6 

4725.6 

0.15 

0.40 

0.65 

0.90 

818.4 

2138.4 

3458.4 

4778.4 

O.IG 

0.41 

0.66 

0.91 

871.2 

2191.2 

3511.2 

4831.2 

0.17 

0.42 

0.67 

0.92 

924.0 

2244.0 

3564 .0 

4884.0 

0.18 

0.43 

0.08 

0.93 

97G.8 

2296 .8 

3616.8 

4936.8 

0.19 

0.44 

0.09 

0.94 

1029 .G 

2349.6 

3669.6 

4989.6 

0.20 

0.45 

0.70 

0.95 

1082.4 

2402.4 

3722.4 

5042.4 

0.21 

0.4G 

0.71 

0.9G 

1135.2 

2455.2 

3775.2 

5095.2 

0.22 

0.47 

0.72 

0.97 

1188.0 

2508.0 

3828.0 

5148.0 

0.23 

0.48 

0.73 

0.98 

1240.8 

2560.8 

3880.8 

5200.8 

0.24 

0.49 

0.74 

0.99 

1293. G 

2013.6 

3933.  G 

5251.6 

0.25 

0.50 

0.75 

1.00 

1340.4 

2066.4 

3986.4 

5306.4 
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Table  4  —  Continued 


Conversion  of  Linear  Feet  into  Miles 

Multiples  of  One  Mile 

• 

Miles 

Feet 

Miles 

Feet 

Miles 

Feet 

Miles 

Feet 

1.0 
2.0 
3.0 
4.0 
5.0 

5280 
10560 
15840 
21120 
26400 

26.0 
27.0 
28.0 
29.0 
30.0 

137280 
142560 
147840 
153120 
158400 

51.0 
52.0 
53.0 
54.0 
55.0 

269280 
274500 
278840 
285120 
290400 

76.0 
77.0 
78.0 
79.0 
80.0 

401280 
400560 
411840 
417120 
422400 

6.0 
7.0 
8.0 
9.0 
10.0 

31680 
36960 
42240 
47520 
52800 

31.0 
32.0 
33.0 
34.0 
35.0 

163680 
168960 
174240 
179520 
184800 

56.0 
57.0 
58.0 
59.0 
60.0 

295680 
300960 
306240 
311520 
316800 

81.0 
82.0 
83.0 
84.0 
85.0 

427680 
4329(U) 
438240 
443520 
448800 

11.0 
12.0 
13.0 
14.0 
15.0 

58080 
63360 
68640 
73920 
79200 

36.0 
37.0 
38.0 
39.0 
40.0 

190080 
195360 
200640 
205920 
211200 

61.0 
62.0 
63.0 
64.0 
65.0 

322080 
327300 
332640 
337920 
343200 

86.0 
87.0 
88.0 
89.0 
90.0 

454080 
459360 
464640 
469920 
475200 

16.0 
17.0 
18.0 
19.0 
20.0 

84480 

89760 

95040 

100320 

105600 

41.0 
42.0 
43.0 
44.0 
45.0 

216480 
221700 
227040 
232320 
237600 

66.0 
07.0 
08.0 
69.0 
70.0 

348480 
353760 
359040 
364320 
369600 

91.0 
92.0 
93.0 
94.0 
95.0 

480480 
485760 
491040 
496320 
501600 

21.0 
22.0 
23.0 
24.0 
25.0 

110880 
116160 
121440 
126720 
132000 

46.0 
47.0 
48.0 
49.0 
50.0 

242880 
248160 
253440 
258720 
264000 

71.0 
72.0 
73.0 
74.0 
75.0 

374880 
380160 
385440 
390720 
396000 

96.0 
97.0 
98.0 
99.0 
100.0 

506880 
512160 
517440 
522720 
528000 

TABLE  5 


Conversion  of  Linear  Miles  of  100  Ft.  Wide  Right-of-Way  into  Acres 

Acres 

Miles 

Acres 

Miles 

Acres 

Miles 

Acres 

Miles 

Acres 

Miles 

12.12 
24.24 

1.0 
2.0 

30.30 
48.48 

3.0 
4.0 

60.61 
72.73 

5.0 
6.0 

84.85 
96.97 

7.0 
8.0 

109.09 
121.21 

9.0 
10.0 

TRACK    FORMULA 

TabiiO  fi  —  Continued 


ConvBBiou  of  Lfnaar  Feat  uf  100  Ft.  Wi<le  Right-<.f-W»y  into  Acrea   1 

Ao™ 

l.in  Ft 

Ac™ 

I.in,  Ft, 

Acres 

lilof  w. 

A=™ 

i:'yi 

; 

8 

.0 

433 

i 
1 

8 

^ 

.0 

1 

;o 

4701 

E 
P 

8278 

» 

21 
24 

i 

30 

I 

B147 
9583 

ill 

0 

1 

32 
3S 

1 

0 

0 

8 

!S:I 
III 

Acts 

Un. 

.™ 

i-'f 

.,r» 

¥;■ 

a™ 

•it 

Acres 

te- 

0 

0 

',0 

0 

0 

0 

0 

0 
0 
0 

02 
03 
04 

06 

OS 

10 

13 

16 
17 
19 

2.2 
C.3 

lo.e 

15.2 
Z4.0 
32,7 
41.4 
50,1 
5S.S 
07.5 
70,2 

w,-s 

89.3 

0 
0 
0 
0 
0 

0 
0 

25 
20 

28 

2e 

'.: 

32 
34 
30 

SO. 3 

BS.O 
102,4 

lU-I 

132.9 
137.2 

145,9 

l.'>4,9 

103,4 

172,1 
170,4 

0 
0 
0 

0 
0 

: 

0 

42 

4fi 

50 

62 

54 

BO 
57 

59 

KB,1 
IS3.S 

215,0 

224.3 

333,0 
237,4 
241,8 
240. 1 
250,5 

203.5 

0 
0 

0 

03 

00 
08 
70 
72 

75 

79 
80 

203.5 
272.3 

285.3 
289.7 
294,0 
298. 4 

311,5 

32S.9 
337,0 

0 
0 
0 
0 
0 

0 

82 
84 
80 

89 
90 

92 

04 

95 

97 
OS 
99 

350.7 
356.0 
350.4 

303.7 
308.1 
372.4 
370  ,S 

389.9 

398.0 
407.3 

*n.o 

410.0 

424.7 
429.1 
433.4 

437,8 
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TABLE  6 


Reduction  of  Rise  in  Feet  per  Mile  to  Rate 

per  Cent  of  Grade 

-»s 

1 

1  ^ 

•^ 

■*j 

1  ^ 

per  Cen 
Grade. 

in  Feet 
r  Mile 

per  Cen 
Grade. 

in  Feet 
r  Mile. 

per  Cen 
Grade 

in  Feet 
r  Mile. 

!  per  Cen 
Grade 

in  Feet 
r  Mile 

per  Cen 
Grade 

in  Feet 
rMile 

r 

1.00 

.1^ 

r 

3.00 

^l 

« 

5.00 

7.00 

^K 

S 

r 

•  mm 

52.80 

158.40 

264.00 

369.60 

9.00 

475.20 

2.00 

105.60 

4.00 

211.20 

6.00 

316.80 

8.00 

422.40 

10.00 

528.00 

0.264 

10.824 

21 .384 

31.944 

42.504 

0.01 

0.21 

0.41 

0.61 

0.81 

0.792 

11.352 

21.912 

32.472 

43 .032 

0.02 

0.22 

0.42 

0.62 

0.82 

1.320 

11.880 

22.440 

33.000 

43.560 

0.03 

0.23 

0.43 

0.63 

0.83 

1.848 

12.408 

22.968 

33.528 

44.088 

0.04 

0.24 

0.44 

0.04 

0.84 

2.376 

12.936 

23.490 

34.056 

44.616 

0.05 

0.25 

0.45 

0.65 

0.85 

2.904 

13.464 

24 .024 

34.584 

45.144 

O.OC 

0.'26 

0.46 

0.60 

0.86 

3.432 

13.992 

24.552 

35.112 

45.672 

0.07 

0.27 

0.47 

0.67 

0.87 

3.960 

14.520 

25.080 

35.640 

46 .200 

0.08 

0.28 

0.48 

0.68 

0.88 

4.488 

15.048 

26.608 

36.168 

46.728 

0.09 

0.29 

0.49 

0.09 

0.89 

5.016 

15.576 

26.130 

36 .696 

47 .256 

0.10 

0.30 

0.50 

0.70 

0.90 

5.544 

16.104 

26 .664 

37.224 

47 .784 

0.11 

0.31 

0.51 

0.71 

0.91 

6.072 

16.632 

27.192 

37.752 

48.312 

0.12 

0.32 

0.52 

0.72 

0.92 

6.600 

17.160 

27.720 

38.280 

48.840 

0.13 

0.33 

0.53 

0.73 

0.93 

7.128 

17.688 

28.248 

38.808 

49.368 

0.14 

0.34 

0.54 

0.74 

0.94 

7.656 

18.216 

28.776 

39.336 

49.890 

0.15 

0.35 

0.55 

0.75 

0.95 

8.184 

18.744 

29.304 

39.864 

50.424 

0.10 

0.36 

0.50 

0.70 

0.96 

8.712 

19.272 

29.832 

40.392 

50.952 

0.17 

0.37 

0.57 

0.77 

0.97 

9.240 

19.800 

30.360 

40.920 

51.480 

0.18 

0.38 

0.58 

0.78 

0.98 

9.768 

20.328 

30.888 

41 .448 

52.008 

6.19 

0.39 

0.59 

1 

1 

0.79 

0.99 

10.296 

20.856 

31.4161 

41 .976 

52.530 

0.20 

0.40 

0.60 

0.80 

1.00 

10.824 

21 .384 

31 .944 

42.504 

53.064 
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TABLE   7 


Conversion  of  Pounds  into  Tons 

Tons 

Pounds 

Tons 

Pounds 

Tons 

Pounds 

Tons 

Pounds 

1. 

2240. 

6. 

13440. 

11. 

24640. 

16. 

35840. 

2. 

4480. 

7. 

15680. 

12. 

26880. 

17. 

38080. 

3. 

6720. 

8. 

17920. 

13. 

29120 . 

18. 

40320. 

4. 

8960. 

9. 

20160. 

14. 

31360. 

19. 

42560. 

5. 

11200. 

10. 

22400. 

15. 

33600. 

20. 

44800. 

11.2 

571.2 

1131.2 

1691 .2 

0.01 

0.26 

0.51 

0.76 

33.6 

593.6 

1153.6 

1713.6 

0.02 

0.27 

0.52 

0.77 

56.0 

616.0 

1176.0 

1736.0 

0.03 

0.28 

0.53 

0.78 

78.4 

638.4 

1198.4 

1758.4 

0.04 

0.29 

0.54 

0.79 

100.8 

660.8 

1220.8 

1780.8 

0.05 

0.30 

0.55 

0.80 

123.2 

683.2 

1243.2 

1803.2 

0.06 

0.31 

0.56 

0.81 

145.6 

705.6 

1265.6 

1825.6 

0.07 

0.32 

0.57 

0.82 

168.0 

728.0 

1288.0 

1848.0 

0.08 

0.33 

0.58 

0.83 

190.4 

750.4 

1310.4 

1870.4 

0.09 

0.34 

0.59 

0.84 

212.8 

772.8 

1332 .8 

1892.8 

0.10 

0.35 

0.60 

0.85 

235.2 

795.2 

1355.2 

1915.2 

O.U 

0.36 

0.61 

0.86 

257.6 

817.6 

1377 .6 

1937  .6 

0.12 

0.37 

0.62 

0.87 

280.0 

840.0 

1400.0 

1960.0 

0.13 

0.38 

0.63 

0.88 

302.4 

862.4 

1422.4 

1982.4 

0.14 

0.39 

0.64 

0.89 

324.8 

884.8 

1444.8 

2004.8 

0.15 

0.40 

0.05 

0.90 

347.2 

907.4 

1407.2 

2027.2 

0.16 

0.41 

0.66 

0.91 

369.6 

929.6 

1489.6 

2049 .0 

0.17 

0.42 

0.67 

0.92 

392.0 

952.0 

1512.0 

2072.0 

0.18 

0.43 

0.08 

0.93 

414.4 

974.4 

1534.4 

2094.4 

0.19 

0.44 

0.69 

0.94 

436.8 

996.8 

1556.8 

2116.8 

0.20 

0.45 

0.70 

0.95 

459.2 

1019.2 

1579.2 

2139 .2 

0.21 

0.46 

0.71 

0.90 

481.6 

1041 .6 

1601.6 

2161 .6 

0.22 

0.47 

0.72 

0.97 

504.0 

1064.0 

1624 .0 

2184.0 

0.23 

0.48 

0.73 

0.98 

526.4 

1086.4 

1646.4 

2206.4 

0.24 

0.49 

0.74 

0.99 

548.8 

1108.8 

1668.8 

2228.8 

0.25 

0.50 

0.75 

1.00 

571.2 

1131.2 

1691 .2 

2251 .2 
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TABLE  8 


Seconds  in  Decimals  of  a  Degree 


C9 


1 

2 
3 

4 
5 

6 
7 
8 
9 
10 


& 


.00028 
.00056 
.00083 
.00111 
.00139 


0  .00167 
0.00195 
0  .00222 
0.00250 
0.00278120 


11 
12 
13 
14 
15 


16 
17 
18 
19 


0. 00306121 
0.003341 122 
0 .00361 
0 .00389 
0.00417 


00445 126 
00473 
00500128 
00528 129 
00556  30 


23 
24 
25 


00584 
00612 
00639 
00667134 


00695 


0 .00723 
0.00751 
0.00778 
0.00806 
0.00834 


I 

31 
32 
33 


35 

36 
37 
38 
39 
40 


& 


00862 
00890 
00917 
00945 
00973 


0.01000 
0.01028 
0.01056 
0 .01083 149 
0.01111  50 


41 
42 
43 
44 
46 


46 

47 
48 


51 
52 


0.01139 
0.01167 
0.011951153 
0 .01222 
0 .01250 


01278 
01306 
01334 
01361 


01389  60 


54 
55 


56 
57 
58 
59 


0.01417 
0.01445 
0.01473 
0.01500 
0 .01528 

0 .01556 
0 .01584 
0.01612 
0 .01639 
0 .01667 


TABLE  9 


Minutes  in  Decimals  of  a  Degree 


a 


1 
2 
3 
4 
5 

6 

7 

8 

9 

10 


0.01667 
0.03333 
0.05000 
0.06667 
0.08333 

0.10000 
0.11667 
0.13333 
0.15000 
0.16667 


c 

11 
12 
13 
14 
15 

16 
17 
18 
19 
120 


0.18333 
0.20000 
0.21667 
0 .23333 
0.25000 


.28333  27 


0 .26667 

0 

0  .300001128 

0.31667 

0.33333130 


21 
22 
23 
24 
25 


26 
27 
28 
29 


0.35000 
0.36667 
0.38333 
0.40000 


0.41667  35 


0.43333 
0.45000 
0.46667 
0.48333 
0.50000 


31 
32 
33 
34 


36 
37 
38 
39 
40 


0.51667 
0.53333 
0.55000 
0.56667 
0.58333 

0.60000 
0.61667 
0.63333 
0.65000 
0.66667 


a 

'S 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 


0.68333 
0.70000 
0.71667 
0.73333 
0.75000 


a 


76667 
78333 
80000 
81667 
83333 


51 
52 
53 
54 
55 

56 
57 
58 
59 
0 


r 


0.85000 
0.86667 
0.88333 
0.90000 
0.91667 

0.93333 
0.95000 
0.96667 
0.98333 
1.00000 


J 
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TABLE  10 


Conversion  of  Minutes  and  Seconds  into  Decimals  of  a  Degree 


Deg. 


(K0025 

0.005 

0.0075 

0.01 

0.0125 

0.015 

0.0175 

0.02 

0.0225 

0.025 

0 .0275 

0.03 

0.0325 

0.035 

0 .0375 

0.04 

0.0425 

0.045 

0 .0475 

0.05 

0.0525 

0.055 

0 .0575 

0.06 

0 .0625 

0.065 

0 .0675 

0.07 

0 .0725 

0.075 

0 .0775 

0.08 

0 .0825 

0.085 

0 .0875 

0.09 

0 .0925 

0.095 

0.0975 

0.1 


Min.  Sec. 


00 
00 
00 
00 
00 
00 
00 
01 
01 
01 
01 
01 
01 
02 
02 
02 
02 
02 
02 
02 
03 
03 
03 
03 
03 
03 
03 
04 
04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
05 
05 
06 


04.5 

13.5 

22.5 

31.5 

40.5 

49 

58 

07 

16 

25 

34.5 

43.5 

52.5 

01.5 

10.5 

19.5 

28.5 

37.5 

46.5 

55.5 

04.5 

13.5 

22.5 

31.5 

40.5 

49.5 

58.5 

07.5 

16.5 

25.5 

34.5 

43.5 

52.5 

01.5 


10 
19 
28 
37 
46 
55 
04 


Deg. 


0.1025 

0.105 

0.1075 

0.11 

0.1125 

0.116 

0.1175 

0.12 

0.1225 

0.125 

0.1275 

0.13 

0.1325 

0.135 

0.1375 

0.14 

0.1425 

0.145 

0.1475 

0.15 

0.1525 

0.155 

0 . 1575 

0.16 

0 .  1625 

0.165 

0.1675 

0.17 

0.1725 

0.175 

0.1775 

0.18 

0.1825 

0.185 

0.1875 

0.19 

0.1925 

0.195 

0.1975 

0.2 


Min.  Sec 


06 
06 
06 
06 
06 
06 
06 
07 
07 
07 
07 
07 
07 
08 
08 
08 
08 
08 
08 
08 
09 
09 
09 
09 
09 
09 
09 
10 
10 
10 
10 
10 
10 
11 
11 
11 
11 
11 
11 
11 
12 


04.5 

13.5 

22.5 

31.5 

40.5 

49.5 

58 

07 

16 

25 

34.5 

43.5 

52.5 

01.5 

10.5 

19.5 

28.5 

37.5 

46.5 

55.5 

04.5 

13.5 

22.5 

31.5 

40 

49 

58 

07 

16 

25 

34 

43 

52 

01 

10.5 

19.5 

28.5 

37.5 

46.5 

55.5 

04.5 


Deg. 


0.2025 

0.205 

0.2075 

0.21 

0.2125 

0.215 

0.2175 

0.22 

0.2225 

0.225 

0 .2275 

0.23 

0.2325 

0.235 

0.2375 

0.24 

0.2425 

0.245 

0.2475 

0.25 

0.2525 

0.255 

0.2575 

0.20 

0.2625 

0.265 

0.2675 

0.27 

0.2725 

0.275 

0.2775 

0.28 

0.2825 

0.285 

0 .2875 

0.29 

0.2925 

0.295 

0.2975 

0.3 


Min.  Sec. 


12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
18 


04 
13 
22 
31 
40 
49 
58 
07 
16 
25 
34 
43 
52 
01 
10 
19 
28 
37 
46 
55 
04 
13 
22 
31 
40 
49 
58 
07 
16 
25 
34 
43 
52 
01 
10 
19 
28 
37 
46 
55 
04 


Deg. 


.3025 

.305 

.3075 

.31 

.3125 

.315 

.3175 

.32 

.3225 

.325 

.3275 

.33 

.3325 

.335 

.3375 

.34 

.3425 

.345 

.3475 

.35 

.3525 

.355 

.3575 

.36 

.3625 

.365 

.3675 

.37 

.3725 

.375 

.3775 

.38 

.3825 

385 

,3875 

39 

3925 

395 

3976 

4 


Min.  Sec. 


18 
18 
18 
18 
18 
18 
18 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
24 


.5 

.5 

5 

.5 


04.6 

13.5 

22.5 

31.5 

40.5 

49.5 

58.5 

07 

16 

26 

34 

43.6 

62.5 

01.5 

10.6 

19.6 

28.6 

37.6 

46.6 

66.5 

04.5 

13.6 

22.5 

31.5 

40.5 

40.5 

68.5 

07 

16 

26 

34 

43 

62 

01 

10.6 

19.6 

28 

37 

46 

66 

04 


.6 
.6 
.5 
.6 
.5 
.6 
.5 


.6 
.6 
.6 
.5 
.6 
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D.6fl75|J 
0,67  S 
0 .67251} 
0,076  J; 
0 .6775  5 


TRACK   rOXUULA 


Table    10  —  Continued 


54 

ID 

W 

B7 

67 

10 

hH 

u 

TABLE  U 

MIDDLB   ORDINATB   FOB  CURTINO    RAH. 


Degr« 

of 
CurvB 

Legeth  oC  Rails  ia  Feet 

« 

" 

16 
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36 
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2 
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TABLE  12 


Velocity  in  Miles  per  Hour 
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Degree  of  Curve 

Cp. 

S"  and  u>.,)er 
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4'  8J- 

FROGS    AND   SWITCH    SAILS 


Thkkn 

Proper 

«of  F 
1  FmK 

5?oT.,. 

i' 

Pmper.i«  of 
SmloheB.    For  bJI 
Switrhes  Tbickneaa 

uf  Pomt  =  01-and 

1 

Heel  DiatsBce 

3 
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7 
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TABLE  15 


THEORETICAL  SWITCH  LEADS 

Reoommended  by  the  Americaa  Railway  Eagineering  and  Maintenance 
of  Way  Association  Convention  of  1910 


« 

Theoretical  Leads                                       1 

Distance 

AT = Frog 

A  »>  Radius 

Z>=«  Degree 

Point  of 
Switch 

Closure 

Closure 

of  Center 

of  Lead 

Rail  to 

Straight 

Curved 

• 

Line 

Curve 

Theoretical 

Point  of 

Frog 

Rail 

Rail 

I 

X 

XI 

XII 

XIII 

XIV 

Feet 

Deg.  Min.  Sec 

Feet 

Feet 

Feet 

4 

112.26 

52  53  56 

37.05 

22.88 

23.29 

5 

183 .22 

31  40  24 

42.77 

28.19 

28.55 

6 

273.95 

21  01  58 

48.11 

33.11 

33.38 

7 

364.88 

15  47  19 

61.94 

41.02 

41.24 

8 

488.71 

11  44  40 

67.47 

46.22 

46.42 

9 

616.27 

9  18  27 

72.24 

49.74 

49.92 

9} 

699.97 

8  11  33 

74.90 

52.40 

52.58 

10 

790.25 

7  15  18 

77.51 

55.01 

56.17 

11 

940.21 

6  05  48 

92.06 

64.06 

64.20 

12 

1136.34 

5  02  38 

97.25 

68.83 

68.96 

15 

1872 .06 

3  03  39 

111.87 

82.20 

82.31 

16 

2005.98 

2  51  24 

135.95 

94.95 

95.05 

18 

2687.66 

2  12  52 

146.38 

104.54 

104.61 

20 

3262.98 

1  45  22 

156.35 

113.68 

113.76 

24 

4932.77 

1  09  42 

175.09 

130.66 

130.77 

In  all  cases  gage  is  considered  4'  ^i". 


PBACTICAL   SWITCH    LEADS 
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No.  1  Turnout:  i- 14°  15'     D-SO"     r-14,7B 

«-. 18.31        1 

P 

« 

b 

a+i+c           J 

30 

14.08 

4  4S 

14.67 

43.20            S 

36 

OB 

S 

8 

\'a 

46 

M 

4.45 

For  0.10  it.  change  in  P.  a  anJ  (a  + 

+  0  change  0.3 

MS  ft. 

d  >od  «  change  aa  P.     b  an.)  c  rems 

values  o 

^- 
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Table   19  —  CarUinued 


No. 

5  Turnout 

:  A=ll° 

26'     Z)  =  30°     2'=  19 

°10'     «  = 

-191.11 

P 

a 

b 

c 

a+6  +  c 

d 

e 

12.0 

17.16 

18.82 

19.01 

64.99 

8.22 

11.05 

12.5 

19.63 

18.82 

19.01 

67.40 

8.72 

11.65 

13.0 

22.11 

18.82 

19.01 

59.94 

9.22 

12.05 

13.5 

24.58 

18.82 

19.01 

62.41 

9.72 

12.55 

14.0 

27.06 

18.82 

19.01 

64.89 

10.22 

13.05 

14.5 

29.54 

18.82 

19.01 

67.37 

10.72 

13.55 

15.0 

32.01 

18.82 

19.01 

69.84 

11.22 

14.05 

15.5 

34.49 

18.82 

19.01 

72.32 

11.72 

14.55 

16.0 

36.96 

18.82 

19.01 

74.79 

12.22 

15.05 

16.5 

39.44 

18.82 

19.01 

77  .27 

12.72 

15.56 

17.0 

41.92 

18.82 

19.01 

79.75 

13.22 

16.05 

17.5 

44.39 

18.82 

19.01 

82.22 

13.72 

16.65 

18.0 

46.87 

18.82 

19.01 

84.70 

14.22 

17.06 

18.6 

49.34 

18.82 

19.01 

87.71 

14.72 

17.56 

19.0 

51.82 

18.82 

19.01- 

89.65 

15.22 

18.05 

19.5 

64.30 

18.82 

19.01 

92.13 

15.72 

18.66 

20.0 

66.77 

18.82 

19.01 

94.60 

16.22 

19.06 

For  O.I 

0  ft.  chani 

^  in  P,  a 

and  {a-\-h-\-c)  change  0.4952  ft.                | 

d  and  e 

change  a: 

I  P.     6  ar 

id  c  remai 

n  constant  for  all  values  of  P.  1 

No 

.  6  Turnout:  A  =  9° 

32'     D=2V     7'=22.88     i2  =  274.37 

P 

a 

h 

c 

a+6  +  c 

d 

e 

12.0 

20.04 

22.64 

22.80 

66.08 

8.21 

11.06 

12.5 

23.12 

22.64 

22.80 

68.56 

8.71 

11.56 

13.0 

25.59 

22.04 

22.80 

71.03 

9.21 

12.06 

13.5 

28.07 

22.04 

22.80 

73.51 

9.71 

12.66 

14.0 

30.55 

22.04 

22.80 

75.99 

10.21 

13.06 

14.5 

33.03 

22.64 

22.80 

78.47 

10.71 

13.55 

15.0 

35.50 

22.64 

22.80 

80.94 

11.21 

14.05 

15.5 

37.98 

22.64 

22.80 

83.42 

11.71 

14.66 

16.0 

40.46 

22.64 

22.80 

85.90 

12.21 

15.05 

16.5 

42.94 

22.64 

22.80 

88.38 

12.71 

16.65 

17.0 

45.41 

22.64 

22.80 

90.85 

13.21 

16.06 

17.5 

47.89 

22.64 

22.80 

93.33 

13.71 

16.65 

18.0 

50.37 

22.64 

22.80 

95.81 

14.21 

17.06 

18.5 

52.84 

22.64 

22.80 

98.28 

14.71 

17.65 

19.0 

55.32 

22.64 

22.80 

100.76 

15.21 

18.05 

19.5 

57.80 

22.64 

22.80 

103.24 

15.71 

18.66 

20.0 

60.28 

22.64 

22.80 

105.72 

10.21 

19.06 

For  O.K 

0  ft.  chan( 

le  in  P,  a 

and  h  cha 

nge  0.5954 

ft. 

d  and  e 

change  a: 

I  P.     6  ar 

id  c  remai 

n  constant 

for  all  val 

lues  of  P. 
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Table   19  —  Continued 


No. 

7  Turnout:  A  =  8°  10*     D  =  15*'     2'«27.35     /e=383.06 

P 

a 

b 

c 

a+6  +  c 

d 

e 

12.0 

23.59 

27.14 

27.28 

78.01 

8.12 

11.03 

12.5 

27.07 

27.14 

27.28 

81.49 

8.62 

11.53 

13.0 

30.50 

27.14 

27.28 

84.98 

9.12 

12.03 

13.6 

34.04 

27.14 

27.28 

88.46 

9.62 

12.53 

14.0 

37.52 

27.14 

27.28 

91.94 

10.12 

13.03 

14.5 

41.01 

27.14 

27.28 

95.43 

10.62 

13.53 

15.0 

44.49 

27.14 

27.28 

98.91 

11.12 

14.03 

15.5 

47.98 

27.14 

27.28 

102.40 

11.62 

14.53 

16.0 

51.46 

27.14 

27.28 

105.88 

12.12 

16.03 

16.5 

54.95 

27.14 

27.28 

109.37 

12.62 

16.53 

17.0 

68.43 

27.14 

27.28 

112.85 

13.12 

16.03 

17.5 

61 .91 

27.14 

27.28 

116.33 

13.62 

16.63 

18.0 

65.40 

27.14 

27.28 

119.82 

14.12 

17.03 

18.5 

68.88 

27.14 

27.28 

123.30 

14.62 

17.63 

19.0 

72.37 

27.14 

27.28 

126.79 

15.12 

18.03 

19.5 

75.85 

27.14 

27.28 

130.27 

15.62 

18.63 

20.0 

79.33 

27.14 

27.28 

133.75 

16.12 

19.03 

For  0.1 

0  ft.  chan 

ge  in  P,  a 

and  (o4- 

!>  +  c)  chan 

ge  0.6968  ft.                1 

d  and  e 

change  a: 

s  P.     6  an 

d  c  remai 

n  constant  for  all  values  of  P.   1 

No. 

8  Turnoul 

i:  A  =  7<'09'     D  =  l] 

°     7=32.69     «  =  621.67 

P 

a 

b 

c 

a-^h-^c 

d 

c 

12.0 

26.66 

32.40 

32.53 

90.68 

7.94 

10.98 

12.5 

29.64 

32.40 

32.63 

94.67 

8.44 

11.48 

13.0 

33.63 

32.40 

32.63 

98.66 

8.94 

11.98 

13.5 

37.61 

32.40 

32.53 

102.64 

9.44 

12.48 

14.0 

41.60 

32.40 

32.63 

106.63 

9.94 

12.98 

14.6 

45.68 

32.40 

32.63 

110.51 

10.44 

13.48 

15.0 

49.57 

32.40 

32.63 

114.60 

10.94 

13.98 

15.6 

63.66 

32.40 

32.63 

118.49 

11.44 

14.48 

16.0 

67.54 

32.40 

32.63 

122.47 

11.94 

14.98 

16.6 

61.63 

32.40 

32.63 

126.46 

12.44 

15.48 

17.0 

66.61 

32.40 

32.63 

130.44 

12.94 

16.98 

17.6 

69.50 

32.40 

32.63 

134.43 

13.44 

16.48 

18.0 

73.49 

32.40 

32.53 

138.42 

13.94 

16.98 

18.6 

77.47 

32.40 

32.53 

142.40 

14.44 

17.48 

19.0 

81.46 

32  40 

32.53 

146.39 

14.94 

17.98 

19.6 

85.44 

32.40 

32.53 

150.37 

16.44 

18.48 

20.0 

89.43 

32.40 

32.63 

164.36 

15.94 

18.98 

For  0.1 

0  ft.  chan 

ge  in  P,  a 

and  h  cha 

nge  0.7972  ft. 

d  and  e 

change  ai 

3  P.     6  an 

d  c  remaii 

1  constant  for  all  val 

ues  of  P. 
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Table  19  —  Continued 


No. 

9  Turnout:  A  =  6°  22'     Z>  =  9 

*     r- 35.45     «  =  637.28 

P 

a 

b 

c 

a  +  b  +  c 

d 

e 

12.0 

29.95 

35.28 

36.39 

100.62 

8.07 

11.02 

12.5 

34.43 

35.28 

35.39 

105.10 

8.67 

11.62 

13.0 

38.91 

35.28 

35.39 

109.58 

9.07 

12.02 

13.5 

43.39 

35.28 

35.39 

114.06 

9.67 

12.62 

14.0 

47.87 

35.28 

35.39 

115.64 

10.07 

13.02 

14.5 

52.35 

35.28 

35.39 

123.02 

10.67 

13.62 

15.0 

56.83 

35.28 

35.39 

127.60 

11.07 

14.02 

15.5 

61.31 

36.28 

35.39 

131.98 

11.67 

14,62 

16.0 

65.79 

35.28 

35.39 

136.46 

12.07 

15.02 

16.5 

70.28 

35.39 

35.39 

140.95 

12.67 

16.62 

17.0 

74.76 

36.28 

35.39 

145.43 

13.07 

16.02 

17.5 

79.24 

35.28 

35.39 

149.91 

13.57 

16.52 

18.0 

83.82 

36.28 

35.39 

164.39 

14.07 

17.02 

18.5 

88.20 

35.28 

35.39 

168.87 

14.67 

17.52 

19.0 

92.68 

35.28 

35.39 

103.36 

16.07 

18.02 

19.5 

97 .  16 

35.28 

35.39 

167.83 

15.57 

18.52 

20.0 

101 .64 

35.28 

35.39 

172.31 

16.07 

19.02 

For  0.1 

0  ft.  chan 

ge  in  P,  a 

and  (a+b  +  c)  change  0.8962  ft.                | 

d  and  e 

change  a 

8  P.     6  ar 

id  c  remai 

n  constant  for  all  values  of  P. 

No. 

9i  Turnout:  A  =  6° 

02'     Z)  = 

S°     7=37.77     «  =  716.78 

P 

a 

b 

c 

a+6  +  c 

d 

e 

12.0 

31.24 

37.62 

37.72 

106.68 

8.03 

11.00 

12.6 

35.97 

37.62 

37.72 

111.31 

8.63 

11.60 

13.0 

40.70 

37.62 

37.72 

116.04 

9.03 

12.00 

13.6 

45.43 

37.62 

37.72 

120.77 

9.53 

12.50 

14.0 

60.17 

37.62 

37.72 

126.51 

10.03 

13.00 

14.6 

54.90 
59.63 

37.62 

37.72 

130.24 

10.63 

13.50 

15.0 

37.62 

37.72 

134.97 

11.03 

14.00 

15.5 

64.36 

37.62 

37.72 

139.70 

11.63 

14.50 

16.0 

69.09 

37.62 

37.72 

144.43 

12.03 

16.00 

16.5 

73.82 

37.62 

37.72 

149.16 

12.63 

15.50 

17.0 

78.66 

37.62 

37.72 

153.89 

13.03 

16.00 

17.5 

83.28 

37.62 

37.72 

158.62 

13.63 

16.60 

18.0 

88.01 

37.62 

37.72 

163.35 

14.03 

17.00 

18.6 

92.74 

37.62 

37.72 

108.08 

14.53 

17.60 

19.0 

97.47 

37.62 

37.72 

172.81 

16.03 

18.00 

19.5 

102 .20 

37.62 

37.72 

177.64 

16.63 

18.60 

20.0 

106.93 

37.62 

37.72 

182.27 

16.03 

19.00 

For  0.1 

0  ft.  chan 

ge  in  P,  a 

and  (o  + 

b+c)  chanc 

^  0.9461  i 

•t. 

d&ud  e 

change  aa 

P.     b  an 

d  c  remain 

1  constant  f 

or  all  valu 

ei^  of  P. 
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Table  19  —  Continued 


No.  10  Turnout:  A  =  6°  44'     D  =  7°     T- 41.01'    «  =  819.02 


12.0 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16 

16 

17.0 

17.5 

18.0 

18.5 

19.0 

19.5 

20.0 


.0 
.5 


a 

b 

31.63 

40.85 

36.61 

40.85 

41.59 

40.85 

46.57 

40.85 

51.55 

40.85 

56.53 

40.85 

61.51 

40.85 

66.49 

.    40.85 

71.47 

40.85 

76.45 

40.85 

81.43 

40.85 

86.41 

40.85 

91.39 

40.85 

96.37 

40.85. 

101.35 

40.85 

106.33 

40.85 

111.31 

40.85 

40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 
40.96 


a+b  +  c 

d 

113.44 

7.90 

118.42 

8.40 

123.40 

8.90 

128.38 

9.40 

133.36 

9.90 

138.34 

10.40 

143.32 

10.90 

148.30 

11.40 

153.28 

11.90 

158.26 

12.40 

163.24 

12.90 

168.22 

13.40 

173.20 

13.90 

178.18 

14.40 

183.16 

14.90 

188.15 

15.40 

193.13 

15.90 

10.98 
11.48 
11.98 
12.48 
12.98 
13.48 
13.98 
14.48 
14.98 
15.48 
15.98 
16.48 
16.98 
17.48 
17.98 
18.48 
18.98 


For  0.10  ft.  change  in  P,  a  and  (a+b+c)  change  0.9960  ft. 

d  and  e  change  as  P.     b  and  c  remain  constant  for  all  values  of  P. 


No. 

12  Turnout:  A  =  4° 

46'     D  = 

5°     7=47.71     «=■  1146.28 

P 

a 

b 

c 

a-\-b-\-c 

d 

e 

12.0 

39.86 

47.58 

47.67 

135.11 

8.03 

11.00 

12.5 

45.86 

47.58 

47.67 

141.11 

8.53 

11.50 

13.0 

51.86 

47.58 

47.67 

147.11 

9.03 

12.00 

13.5 

67.85 

47.58 

47.67 

153.10 

9.53 

12.50 

14.0 

63.85 

47.58 

47.67 

159.10 

10.03 

13.00 

14.5 

69.85 

47.58 

47.67 

165.10 

10.53 

13.50 

16.0 

75.84 

47.58 

47.67 

171.09 

11.03 

14.00 

15.5 

81.84 

47.58 

47.67 

177.09 

11.53 

14.50 

16.0 

87.83 

47.58 

47.67 

183.08 

12.03 

15.00 

16.5 

93.83 

47.58 

47.67 

189.08 

12.53 

15.50 

17.0 

99.83 

47.58 

47.67 

195.08 

13.03 

16.00 

17.5 

105.82 

47.58 

47.67 

201 .07 

13.53 

16.50 

18.0 

111.82 

47.58 

47.67 

207.07 

14.03 

17.00 

18.5 

117.81 

47.58 

47.67 

213.00 

14.53 

17.50 

19.0 

123.81 

47.58 

47.67 

219.06 

15.03 

18.00 

19.5 

129.81 

47.58 

47.67 

225.06 

15.53 

18.50 

20.0 

135.80 

47.58 

47.67 

231 .05 

16.03 

19.00 

For  O.K 

9  change  i 

n  P,  a  an< 

i  (o  +  6  + 

c)  change  1 

1.1992  ft. 

d  and  e 

change  as 

1  P.     6  an 

d  c  remaii 

n  constant 

for  all  val 

uea  of  P. 
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Table  19  —  Continued 


No. 

15  Turnout:  A  =  3° 

46'     D  = 

30     r=62. 

J^     72=1910.08 

P 

a 

b 

c 

a+b  +  c 

d 

e 

12.0 

48.98 

62.70 

62.77 

1*74.45 

7.87 

10.97 

12.5 

66.57 

62.70 

62.77 

182 .04 

8.37 

11.47 

13.0 

64.17 

62.70 

62.77 

189.64 

8.87 

11.97 

13.5 

71.76 

62.70 

62.77 

197.23 

9.37 

12.47 

14.0 

79.36 

62.70 

62.77 

204.83 

9.87 

12.97 

14.5 

86.95 

62.70 

62.77 

212.42 

10.37 

13.47 

15.0 

94.55 

62.70 

62.77 

.  202.02 

10.87 

13.97 

15.5 

102.14 

62.70 

62.77 

227.61 

11.37 

14.47 

16.0 

109.74 

62.70 

62.77 

236.21 

11.87 

14.97 

16.5 

117.33 

62.70 

62.77 

242.80 

12.37 

16.47 

17.0 

124.93 

62.70 

62.77 

250.40 

12.87 

16.97 

17.5 

132.52 

62.70 

62.77 

257.99 

13.37 

16.47 

18.0 

140.12 

62.70 

62.77 

265.59 

13.87 

16.97 

18.6 

147.71 

62.70 

62.77 

273.18 

14.37 

17.47 

19.0 

155.31 

62.70 

62.77 

280.78 

14.87 

17.97 

19.5 

162.90 

62.70 

62.77 

288.37 

15.37 

18.47 

20.0 

170.49 

62.70 

62.77 

295.96 

16.87 

18.97 

For  0.1 

0  ft.  chan^ 

je  in  P,  a  1 

and  (a  +  6 

+  c)  chang 

«  1.5189  f 

t. 

d  and  e 

change  as 

P.    b  anc 

1  c  remain 

constant  f< 

3r  all  valu 

es  of  P. 
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TABLE  20 


N 

*         S 

7 

8 

B 

St 

10 

■« 

16 

F 

M»15'  ll°25 

.,. 

8°  Iff 

7°  Off 

6-22' 

0°02' 

6°  44' 

*»*0' 

3Mff 

P 

7.  n 

63  6B|  3  45  R4  10  B4  50  Bfl 

105  04 

120     5 

158  65 

Chance  in  x  lot  0,10  (t.  change  in  P 

|o.3B4|o.4B5|o.6950.097lo.7S7|o,89C0.1MOO.MC  ll.lB9    1.499 

TBACK   FOUMITL^ 


^-iV. 

«hl-l"l-'K-l-'l"hl- 

p 

^ 

^ 

17 

l!:?S 

B 

ai 

7 

21 

solas 

Change  in  i  tor  0.10  ft.  chsnEe  in  P 

|..«.|0,.75[0.„s|0.S.f»7.|0,.„|0..«jo.«|..„.|.,7.. 

For  values  ot  i  tor  P  gi 


in  Table  No.  21,  b 
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Table  21  —  Continued 


N-Ni 

7-9 

7-9i 

7-10 

8-9 

8-9i 

8-10 

9-9i 

9-10 

9-12 

9i-12 

P 

X 

12.0 

21.49 

23.42 

24.01 

12.5 

25.71 

20.38 

28.73 

13.0 

27.79 

30.70 

31.43 

36.97 

37.73 

13.5 

31.71 

32.47 

33.22 

35.86 

42.10 

43.02 

14.0 

35.63 

36.48 

37.32 

47.23 

14.5 

40.56 

41.42 

52.36 

15.0 

44.51 

45.52 

15.5 

49.62 

16.0 

• 

16.5 

■ 

17.0 

17.5 

18.0 

18.5 

19.0 

Change  in  x  for  0.10  ft.  change  in  P 

0.784 

0.803 

0.820 

0.844 

0.865 

0.886 

0.921 

0.944 

1 .026  1 .058 

For  values  of  *:c  for  P  greater  than  in  Table  No.  21,  see  Table  No.  22. 


N-Ni 

9i-16 

10-15 

12-15 

P 

X 

12.0 

12.5 

13.0 

47.84 

13.5 

48.16 

49.54 

54.50 

14.0 

53.96 

55.53 

14.5 

59.77 

61.51 

15.0 

65.57 

67.50 

15.5 

71.37 

73.48 

16.0 

77.17 

79.47 

16.5 

82.98 

85.45 

17.0 

88.78 

17.5 

94.58 

18.0 

18.5 

19.0 

Change  in  x  for  0.10  ft.  change  in  P                          1 

1.161 

1.197 

1.333 

TBACK    FOKMiriuB 


frog  Ni.      Tgp  equals  length  of  Ungent  between  P.  T.  of  ci 
curve  and  heel  of  frog  jV. 

For  vaLaea  of  x  for  P  leaa  Uud  given  in  Table  No.  22, lee  Tab 


AT-A-, 

1-B 

t-ii 

4-7 

5-e 

^7 

P 

. 

■^BF 

^ 

^fly 

« 

^BF 

. 

^BF 

^BF 

0 

0  fi2 

^s 

S 

} 

■a 

35 

74 

^ 

W 

fl 

Si 

iS 

1 

2S 

2 

V 

47 

51 

1(1 

5a.3( 

as 

;n 

Change  in  x  sad  Tgp  for  0.10  f 

,  efunee  in  P 

O.MBllo.40njo.39Y.40U0.3Bljo.«ir.|D.495  0.505!o.495[o.505 

FB06  DISTAtrCB   FOB  CBOSBOVEBS 

Tablb  22 — Ctmtijoted 


N-N, 

5-8 

^7 

« 

6-9 

7-S           1 

P 

- 

^BF 

^ 

Tl^F 

• 

T's*- 

^ 

^Bf 

. 

Tbf 

0 

.m 

IS 

7* 

fi 

Ua 

4U 

M 

S4,M 

40 

HU 

" 

lb 

"1 

Change  in  i  and  Tgp  far  0.10  [t.  change  in  P 

a,495|o,505|o.5M|..004;a.505|0.0O4]o.5B5|o,e04;o.a97|o704 

N-N, 

7-D 

7-9i 

7-.0 

«-B 

8-Bi 

P 

^ 

Tbf 

' 

'''bf 

. 

'''bf 

- 

^BF 

- 

^BF 

0 

■5   (!■> 

ao  0 

"  »i  -  "'h  "T  "T  *  1" " 

JU 

V 

ChariKe   □  i  snc]  T'^jr  Co    D  10  ft  change  En  P 

0.e97|0.7O4|0.e97|0.704|0.697|0,70.|0.797|o.803|0.7«r|0.80. 

TSACK   FOBMUI/^ 

Table  22  — Continved 


N-H, 

8-,0 

9-Bi 

^m 

9-13 

81-10 

" 

X 

I-Bf 

- 

t-BF 

' 

Tbp 

- 

fflf 

' 

TSF 

70 

8/ 

«. 

M 

" 

a 

"• 

Ufc 

'■* 

'" 

SI 

4U 

IIX) 

a; 

81 

CbBD|:e  in  x  and  7'^j^  for  0. 

0  ft.  ehange 

nP 

,.7,7|..»,[o..«|o.,»!|o,.«.|o,». 

""!"- 

"■™l"- 

»-», 

ftWZ 

Bi-15 

10-12 

10-15        1 

P 

- 

TSF 

' 

Tfip 

' 

TsF 

'- 

Tbf 

se 

118.06 

24,55 

am 

120.02 

"'"1 

c 

■hanga  in  x  and 

Tfl^  for  0.10  (t 

change  in  P 

0.9461 

O.OSlI  0.g4fll 

O.BSlI  0.9960 

1.00l|o.9960    1.001 

FROG   DISTANCE   FOR   GBOSSOYBBS 


207 


Table  22  —  Continued 


N-Ni 

12-15 

' 

P 

X 

^BAT 

12.0 
12.5 
13.0 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17.0 
17.5 
18.0 
18.5 
19.0 
19.5 
20.0 

60.51 

66.51 

72.51 

78.50 

84.50 

90.49 

96.49 

102.49 

108.48 

114.48 

120.47 

126.47 

132.47 

5.87 
11.89 
17.90 
23.92 
29.94 
35.95 
41.97 
47.99 
54.00 
60.02 
66.04 
72.06 
78.07 

■ 

Change  in  x  and  T^p  for  0.10  ft.  change  in  P 

• 

1.1992 

1.203 

TRACK    FORMULA 


^tween  parall«]  ti 


No.  0  Fnm 

F-9-S^ 

0  =  21°             «-274.37 

!• 

. 

r 

*              1          (*"  +  #) 

10 

5  40 

GO 

104 

74 

3S 

7'i 

10=  2S'  30- 

For  ex. 

on:  ca  (*-  t- 

^,  >  - 1 .00804  -  (P,  X0,00182) 

^.-54 

.74  sin  1(^-1- 

,>--5.I.SS 

r,=2-4,:i7t8n^.    • 

»BOG   DI8TANCK  FOR   CROSSOVERS 
Table   23  —  Conlinued 


No.  7Fm)(B              F-aflW              D~1S'             R-3M3.0tl5 

P 

. 

r 

* 

(F  +  « 

60 

1V4 

1» 

40 

70 

13°  54'  08- 

j:,-7tie.l3Bio(f  +  ^)-B3.Ga         r,-383.065 t»n  | 

No.SFroBB              F~rW             D-W             H-521.e7I 

P 

« 

* 

(*■  +  *) 

18 

4S.01 

8  2fl 

8°  sr  M- 

M 

For  exact  interpoiBtioo:  <™  (P+^)-1.0O312-(P,XO.0O0968S) 

U- 1043.31  ain(F  +  ^i)- 114.68        T, - 521 .67  tan  ^ 

No.  BFroBS               F  =  I3=22'              0  =  9°               R-037.275 

" 

' 

r 

4 

(»■  +  *) 

0    IG 

10°  47'  00" 

:>:,-  1274,55  ain  |?'  +  *,)  -  12fi.llO         J',  =  c3-.2a  un  1' 

TRACK   70BHni.£ 


Table:  23  —  Contin'ued 


No.  91  FrogB 

F-e-oy 

D-8°             B- 

710.779 

P 

' 

T 

*                   (F+W 

10 

60  3B 

10  2g 

.o.<.-    1 

"  »■  1 

on:  COS  IF + 

*,)-l,00210-CP,X0.00069756)     | 

11-1433.56  ain{f  + 

*,)- 135.27 

r,-710.7SUn| 

No.  10  Frogs 

/■-5''44' 

D.,- 

«-819.02 

P 

' 

r 

* 

(P  +  *) 

' 

For  euct  intcrpolati 

n:  eoa(|i-  + 

,)- 1.001716 -(P 

X0.000610486) 

i,-l63S.04  8in(F  + 

W  - 148.19 

r,-819.02  0in 

!■ 
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TABLE  24 


^ — '&^i^^'^piJf^-$ --^rf^V--"! 


l^\ 


Qi- 


Fig.  19. 


Frog  distancea^x  for  CroBsovers  between  parallel  tracks.  Frogs  of 
different  number.  Reverse  curve  of  different  radii  tangent  to  the 
heels  of  the  frogs. 


N  =6 


F  =9*32' 


D  =21'» 


R  =274.370 
«i  =  383.065 


16 
17 
18 
19 
20 
25 
30 
40 
50 
60 


X 

Tt 

39.50 

9.13 

44.58 

10.63 

49.52 

12.12 

53.98 

13.49 

58.72 

14.85 

79.49 

21.09 

97.77 

26.63 

129.30 

36.35 

156.44 

44.86 

180.40 

52.55 

h 

T 

2°   43'  45' 

3.26 

3"*   10'  51" 

4.34 

3°  36'  56* 

5.39 

4'»  02'  06* 

6.39 

4°  26'  27* 

7.36 

6°  18'  08* 

11.82 

7°  57'  15* 

15.79 

10°  50'  33* 

22.74 

13°  21'  30* 

28.82 

15°  37'  16* 

34.31 

^ 


1°  21'  45* 

1°  48'  51* 

14'  56* 

40'  06* 

04'  27* 

56'  08* 

35'  15* 

28'  33* 

59'  30* 

15'  16* 


2° 
2° 
3° 
4° 
6° 
9° 
11° 
14° 


10°  53'  45* 

11°  20'  51* 

11°  46'  56* 

12°  12'  06* 


12° 
14° 
16° 
19° 
21° 
23° 


36'  27* 

28'  08* 

07'  15* 

00'  33* 

31'  30* 

47'  16* 


For  exact  interpolation:  cos  (Fi  +  ^i')  =»  1.0063070  -  (P'  X0.00152106) 


3f = 657.435  sin  (F  +  0i')  -  84.78     T/  =  Ri  tan 


*.' 


72  tan  ^ 
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Table  24  —  Continved 


W-8 

F-9°3a- 

D-21°               K -374.370           | 

W,-8 

F.-roer 

D,- 

1"               B,-S21.071 

P 

. 

T, 

*i 

T 

* 

V/i'-  1 

,n 

Itl8 

3U 

12"  0(1'  55- 

Pop  Biact  i 

^,'>-1.00*S3-(f"X0.00125022)    | 

I- -760.04 

in  (F,+*,') -fleas 

T,'-» 

•"^—-t     1 

JV-6 

F-van- 

D-21'- 

fl  -274.37 

2V.-9 

F.-o-aa- 

D,-9° 

K,- 637.27 

P 

' 

7-1 

*, 

T 

* 

VA!- 

0  48 

l^  09- 

13°  SC  37* 

US 

M 

JO" 

40-  37' 

20°  12-  37- 

Foraitcti 

tttrpol»tion:  c«  (F,  J 

^')- 1.004 

W-(PX0.0010966Z) 

«--9n.64 

in  (Pi +#,')- 100.93 

T.'-fl,l*i 

t    r-s-J 

FBOO  DIBTAirCE   FOS 


Tabld  24 — ConMnued 


»-« 

*-=9°32- 

D  =21°                 fi  =  274.37 

M-01 

F.-o"  oy 

D,-  S-                ff,-710.78 

' 

' 

Ti 

" 

T 

* 

(>  +  « 

21C 

9°  23'  22' 

For  eiBot 

(1=", +  0,')  =  1.00382 -(P-XO-OOIOOBBS)   | 

5,57 

T.-R.t.n*l      r     R.^.*"       1 

JV-6                  f-B-SZ- 

D" 

21°               R  -274.37 

w,-io            F,-r,-n- 

iX- 

7"               R,-819.0a 

P 

- 

T. 

*! 

r 

* 

'Vfir 

m 

For  exact  interpolation:  cm  (f ,  +  ^ 

')-1.0 

1033138-  (P-  X0.0009145S7) 

i'-1093.aBsin(f,  +  V)-1121' 

T.'- 

«,..*:  r.»„^ 

Table  24  —  Cojttbvaed 


(P'XO.00110627) 


'       JV-7 

F  -H"  10- 

n-1 

5°             K  -383.0«5 

Y,=e 

F.-U"  22' 

D,- 

9°             fl,- 037.275 

P 

^ 

*. 

r 

* 

'V**ir 

41  SI 

„,. 

2=  14-  44- 

2   HI 

O'  40'  44- 

R°  ai'  44* 

221.76 

B    OS-  2g 

For  exsct  i 

nterpolation:  cos  (F, 

*.■)= 

.00351  ^(P-X  0,00098) 

^-102(1.3 

8in(F.+*,')-ll»-W 

■A'  = 

•"-%  '•-"•'i 
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Table  24  —  Continued 


^"■^ 


N  =7 


F  ^S**  10' 
Fi  =  G°  02' 


D  =  15° 


72=383.005 
«i  =  716.779 


16 
17 
18 
19 
20 
25 
30 
40 
50 
00 


50.85 

57.30 

03.31 

09.91 

75.31 

101 .92 

125.49 

100.51 

201 .94 

233.50 


Tx 


10.34 
18.40 
20.52 
22,70 
24.41 
33.20 
41.13 
54.95 
07 .03 
77.93 


^1 


2° 
2*> 
3** 
3'' 
3° 
5*^ 
O** 
8° 
10** 
12** 


30' 


I)  40* 

57'  04* 

16'  44* 

35'  43' 

54'  08* 

18'  40* 

34'  00* 

40'  04* 

41'  09* 

24'  38* 


T 

^ 

1 .00 

0°  28'  40* 

2.73 

0*>  49'  04* 

3.83 

I*'  08'  44* 

4.89 

1<>  27'  43" 

5.91 

r  40'  08* 

10.03 

3°  10'  46* 

14.83 

4**  20'  00* 

22.20 

0°  38'  04* 

28.04 

8°  33'  09* 

34.45 

lO*'  16'  38* 

8° 

8° 

9** 

9° 

9'' 

ll** 

12° 

14° 

10° 

18° 


38'  40* 
69'  04* 
18'  44* 
37'  43' 
56'  08* 
20'  46* 
36'  06* 
48'  04* 
43'  09* 
26'  38* 


For  exact  interpolation:  cob  (Fi  +  ^i')  - 1.003187  -  (-P  X0.00090922) 


.T* » 1099.84  sin  (Fi  +  ^i')  - 1 14.46     Tx'  =  Rx  tan 


^i' 


r'  =  «tan 


4>' 


N  =7 

F 

=  8°  10' 

D  = 

«15°              R  =383.005 

JVi  =  10 

F 

1  =  5°  44' 

Dx  = 

»   7°             i2i  =  819.020 

•  10 

X 

r, 

4>i 

T 

4> 

(F,+<^,)  = 
{F  +  4>) 

53 .00 

18.51 

2°  35'  23* 

0.52 

0°  09'  23* 

8°  19'  23* 

17 

59.84 

20.85 

2°  55'  00* 

1.02 

0°  29'  00* 

8°  39'  00* 

18 

00.23 

23.00 

3°  13'  30* 

2.05 

0°  47'  30* 

8°  57'  30* 

19 

72.48 

25.21 

3°  31'  30* 

3.05 

1°  05'  30* 

9°  15'  30* 

20 

78.49 

27.29 

3°  49'  00* 

4.02 

1°  23'  00* 

9°  33'  00* 

25 

100.22 

36.90 

5°  09'  30* 

9.12 

2°  43'  :io* 

10°  53'  30* 

30 

130.80 

45.47 

0°  21'  20* 

13.12 

3°  55'  20* 

12°  05'  20* 

40 

173.09 

00,53 

8°  27'   17* 

20.15 

0°  01'  17* 

14°  11'   17* 

50 

210.73 

73.69 

10°  17'  00* 

20.28 

7°  51'  00* 

10°  01'  00* 

00 

243.77 

85.57 

11°  55'  47* 

31.82 

9°  29'  47* 

17°  39'  47* 

For  exact  ii 

nterpola 

ktion:  cos  {Fx  + 

^0-1 

.0027758-  (P'X  0.0008319) 

x'  =  1202.09 

sin  (Fi 

+  <^,')- 120.95 

Tx'  = 

«,tan^/      ^'  =  «tan|' 
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Table  24  —  Continued 


iV=8 

F 

=  7°  09' 

D  =ir 

4 

R  -521.671 

iVi-9 

F 

1  =  6°  22* 

Di-  9« 

/2i-637.275 

P 
16 

X 

Tt 

<!>! 

T 

^ 

50.95 

11.84 

2°  07'  44' 

6.13 

1°  20' 

44' 

8°  29'  44' 

17 

57.52 

13.67 

2<»  27'  26' 

7.62 

1°  40' 

26' 

8°  49'  2(>' 

18 

63.84 

15.43 

2'»  46'  26' 

9.06 

1**  59' 

26' 

9°  08'  26' 

19 

69.95 

17.13 

3«  04'  48' 

10.46 

2°  17' 

48' 

9°  26'  48' 

20 

76.87 

18.78 

30  22'  36' 

11.81 

2°  35' 

36' 

9*  44'  40' 

25 

103.03 

26.39 

4*>  44'  33' 

18.03 

3**  57' 

33' 

11*  06'  33' 

30 

127.14 

33.17 

5''  57'  35' 

23.58 

5°  10' 

35' 

12*»  19'  35' 

40 

169.14 

45.09 

8°  05'  39' 

33.33 

7**  18' 

39* 

14*  27'  39* 

50 

205.46 

55.51 

90  57'  24' 

41.85 

9°  10' 

24' 

16*  19'  24' 

00 

237.85 

04.91 

11*  37'  57' 

49.54 

10°  50' 

57' 

17°  69'  67' 

For  exact  in 

terpolat 

.ion:  cos  (Fi  + 

^i')  =  1.0028329 

-(P'X  0.00086285) 

a:'  =  1158.9J 

SsinCF, 

i  +  <^,')-120.2( 

i     7','  =  /2,  tan- 

^   r»ietan| 

N  =8 
iV,  =  9J 


F  =7°  09' 
Fi  =  6°02' 


D  -11° 
Di=   8° 


R  =521.671 
/2, -716.779 


p 

X 

Tx 

16 

52 .68 

13.84 

17 

59.46 

15.82 

18 

65.99 

17.73 

19 

72.28 

19.68 

20 

78.08 

21.37 

25 

106.43 

29.62 

30 

131.49 

37.07 

40 

174.74 

49.93 

50 

212.32 

61 .25 

60 

245.84 

71.46 

4>i 

T 

^ 

2°  12' 

42* 

4.99 

1°  05'  42' 

2°  31' 

42' 

6.43 

1°  24'  42' 

2°  50' 

01' 

7.82 

1°  43'  01' 

3°  07' 

44' 

9.16 

2°  00'  44' 

3°  24' 

54' 

10.31 

2°  15'  54' 

4°  43' 

59' 

16.47 

3°  36'  59* 

5°  54' 

29* 

21.82 

4°  47'  29* 

7°  58' 

09* 

31.23 

6°  51'  09* 

9°  46' 

06' 

39.46 

8°  39'  06' 

11°  23' 

12* 

46.88 

10°  16'  12* 

iF  +  4>) 


8°  14'  42* 

8°  33'  42* 

8°  52^  01' 

9°  09'  44' 

9*  26'  54' 

10°  45'  69' 

66'  29* 

00'  09* 

48'  06' 

26'  12* 


11° 
14° 
16° 
17° 


For  exact  interpolation:  coe  (Fi  +  ^Z)  =  1.0026835  -  (/"  X  0.000807461) 


x"  =  1238.45  sin  (F,  +  ^')  - 124.92     Ti'  =  /2,  tan  2^ 


2 


r'=«tan 


4>' 
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Table  24 — ContinMd 


W-8 

?■  = 

-09- 

D-ll=                 fi  =531.671 

JV,-10 

i^l- 

5M4' 

D,~   T                fi,-81B.02n 

p 

. 

T. 

.. 

T 

* 

"■i;«r 

Ifi 

Mn2 

1(1  OZ 

3  70 

0"  48^  30- 

7°  SS'  30- 

u; 

01'  M' 

3.86 

tV.r  exact  la 

erpoUtion: 

«,«(/■,+ 

,')  -  1.002262R-  (P'X0.OI)07458H4) 

x-- 1340.(1 

aii.(f,  +  0 

1-131.3 

,,.»„..*-■  ,..«,. 4' 
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TABLE  25 


FiQ.  2. 


N 

NXG 

ED 

EC 

4 

19.00 

9.27 

9.73 

5 

23.75 

11.66 

12.10 

6 

28.43 

14.03 

14.40 

7 

32.96 

16.39 

16.57 

8 

37.67 

18.76 

18.91 

9 

42.37 

21.12 

21.25 

9i 

44.73 

22.30 

22.43 

10 

47.08 

23.48 

23.60 

11 

51.79 

25.84 

25.95 

12 

56.60 

28.20 

28.30 

15 

70.62 

35.27 

35.35 

16 

75.32 

37.63 

37.69 

18 

84.74 

42.34 

42.40 

20 

94.16 

47.05 

47.11 

24 

112.99 

56.48 

56.51 

N  XQ'^  AD^  AB 


'    FKUO    VOK    MVKbtiINO   SfUB         219 


s 
s 

a. 

•s 

3 
1 

i 
J 

J 

1 

J 

5 
1 

- 

1 

ssssssi5esss|S||||||s^=2 

S 

segs;S33Ssa3Ss=S3S3Sszs 

aaaassaaaaaaaassssaaaassi 

a 

S'SSSSS3g;3S35SS3S33Sg£S 

i 

l!SSS3SSS!SSS3S5SS5igCaSS§ 

s=3-=7V5"""2=25sssaassss 

c 

gSSSSSSS==S33SJJS3SSSSS 

«««««w««c.«««««««««««««« 

h 

23SSS2Sg3r-2SSS!S8E=SSSSS 

-'""«222ssasaassRSs(35sa3 

1 

■3 
i 

1 

s 

? 

1 

i 

5S!!SSS3S3aaS55==SSSSS53 

WOOOOOOOOOOOOQOOOOOOOOO 

=' 

33SSSSgS38K5S2S3gS3$5SSS 

sssigsssssssaasasssssissi! 

i 

S3SS23iSSS3SI;SSf!i;f;!;K!!K155 

■ 

SSg35382^SSS33S;:SSSg:S2 

ssa2s52';;7;'— sssgssasss 

" 

3 

? 

i 
7 

1 

Si 
1. 

1 

1 
■s 

1 
1 

1 

S 
s 

■> 

i 

s 

gi2SS3gS^SSSi:SgS3SS5H5SSt3 

sssssaaassasssssassssaasssa 

i 

BSSSSSSiSCSECSaSSSSgSSSSSSSS 

4, 

s5Esgsssasag3sssa=ssssss2?i 

^ 

SS3SSgSSSSSSSS3SSSSaS3S|55 

1 

i 

sssaassESSESSSsss-sacsassss 

i 

t. 

§»S3gS=SS8S=ltS3K35SaS2SSSS 

ssassssscRssssaggsggssicai! 

H 

i 

•B 

1 
1 
S 

5 

sssgssisss§s==3=:=s2==5a3a3 

oooooooooo==ooc==ooooo=oo== 

=" 

SS!;S3S3SSRSSSSS=SES3SSS!:Sa 

sassssssssssaasasssasassss 

i 

csi;?.S5Essa:iS68i:agssgsss==ta 

§ssias53ssss3saa=33=ssgsss 

a3S33SSSSS£SKS£S33S35aSSSS^ 

< 

Q 

s 

s 

1 
i 

I 

go 

i 

1 

1 

■s 

i 

1 
s 

1 
1 

- 

§ 

^ 

sasssssssssssssssssssssasss 

=  S:000000«=J=OBOO=00000=00=00 

sssssssssscsssssssssssssss 

ss3sasg!s;;?;;;gsigs!^^ssss;ssi^!^s3 

i 

:ssssssss»ssspEi:asss3=ssss 

1 

% 

EgsassssssssasssRssssasais 

J 

!S 

SSS£iSgSS25S2aSSSE3JS3gSSC5B 

1 

«««««»»»«»»,„»—»—..,-»«»» 

s 

t. 

ggS«23SS33r:S2S£gS{:agl3SSgKS 

n 

gssssssssissssssssssssassli 

H 

1 

i 

s 
1 

i 

S33SSSaSBSSSSSSSSSSSSSS=S3g 

DOOOOOOOOOOOOOOOOOOOOOOOOOO 

=" 

sssassssasssssssssssjssssss 

'S 

aasssssssiiSSSSfjiSESsgssssiss 

■• 

ssssssasssRssss^ssscsssass 

=saSSasS3SSSS8S5S;:sesS5S|J| 

+ 

- 

5 

1 
a: 

S 
S 

?: 

■ai 
1 

1 

E 

1 

i 
1 

"3 

1 
1 

1 

< 

i 

assissss3ss32xassa3ss!3=iss 

s 

i 

SS3S3KK2S8S5SSSsa!^sgSS;t3?5ig 

^ 

sajssssaiegsssssscsessssjss 

|S8SsSgSiKli=SiSlls=5S5§§§ 

1 

SS5S3SSS?2tS5Sg85SS§SSSSSK:^ 

b 

3£:gS§25BS235SSSeS2gggSSg£K 

SIISaa5Sgggsss=8s|sg|sss|5 

"S 
1 

1 

3 

1 

i 

88S3SSS33SSSSS3!:8asSSf=,=ni?S 

s" 

S332KSSSgr:53a2F;sS!;SSSi5S2SS 

5?^5553S5ffiSSSg33£S?:SaSSSSS~ 

i 

ssssp.sassssajgassaasRssass 

S3S5Ss«SS5S|=|^J|g§555R5|| 

- 

i 

! 

« 
a 

k 
i 

1 

M 
b 

"; 

1 

i 
1 
1 

TS 
,1 

a 
1 

s 

1 

" 

& 

o5;=oiddoo3:;;;;odo;=;25; 

s 

(5 

Sg22?JSSSSSsSS333S5SSSSSS33 

^ 

SSSSasSSSRESSguSSSSSSSSSSS 

1 

£227-;7;"«=22aSI5SI?SgSSSSSS£ 

SSSSSSSSaSSSSSSSSSSSSSSSS 

n 

i 

i- 

ssss^assssssssisassassssss 

1 

1 

•B 

f 

2 

1 

2 
T 

i 

SasSSS5SS5S23==SSS8S8Sg3S 

-0000000=00000=0=00000000 

=" 

i 

S3sa=3ssssi:!;5ccsssesi:!:f-i:5g 

- 

ssssssssssssssssssssssssss 

SSS£2=77|-"-=22aSg5R535KSSS 

' 

f 

a, 

to 

a. 
ft 

J 

1 
1 

1 

i 

2 
1 
1 

" 

a 

22SL;L;2222S8SH?3SSSSSSSSSSS5fS 

;j 

ss38i:sass=sass=ssgssr-sss«a 

asssaaasagsssss=ssssss333s 

i 

SSSSi:SSE3SaSSSES3£qs=a3g3SS 

^ 

S338SSS£SSSS2S2=2ag5iS25l:2 

1 

SffSSSgSSgSSSSSSSSSSJSKteSSS 

§ 

a33SSSSSg3SS5S;:i3SSS3SS3SS= 

1 

- 

SSg»SSa3S=S3SSESSS3=SSSSaSS 

£3SSSg§22SS&«SS9SgSS33aRI:S 

s 

ei 

1 

1 

■B 

5 

1 
S 

1 

^' 

5iS68S2S2SS=2^222s!!aSSSga5g 

Sl:SSSS2SSSBS32Sa;SiaSS2S6S 

i 

;3K!SSSSSSSSSiSS5S-215«aiSSgSSS 

32£;;S5a-oSS3SSgg:;SSR3aSSgE3 

er:5S3aSSS3S82^Sa§SS3S3SS!i 

^ 

s'SSsiS*Si33S3SwSs=S353SiSfe 

i 

i 

2 

1 
? 

S 

Jo 
K 

i 

■5 
J 

1 

1 
1 

•B 

J 

1 

s 

1 

- 

i 

l8SSSSSSS=SSSSSS=3SSSS3SgSS5 

a 

S£SteSSS23SSSSIESSasS2S2S52S 

SSSSggSSSSSiSSSSS5?3S55?S?S 

1 

S5SSSgS!;5E£SS£=SiSS5SfeS;5SSS§2 

„„„,„„„„........„...,, 

a. 

SSS2;:52SES2S3KSSS£SgESS22S 

1 

=5SI|g|§a=g88§s3gssisi8all 

1 

i 

q:22asSSS5Sate35r:!:£SSSS2SSSS3 

s 

>• 

lassssssssssssssssssssagsB 

^ 

SSSSggSsgSBS^aSSgSaSsgSili 

1 

■5 

1 

i 
1 

i 

000=000=00=000=000=0000000= 

=- 

SSSS33S!ggSSgRI3S225KSg32S5S 

6SSSi8SSSSSS3S3335SJSSiSSS9 

s- 

SSa5SE^SSSSSSr23SS3S3S!;aSS=S 

■ 

SSSSSSSSCSSJSBSSSSSSSSSSSS 

EEIi2iS=S3S§ii5lassisSssgl 

•< 

i 

7 

a 

1 

■5 

i 

1 

5 

1 

•s 

1 
1 
2 

1 

a 

SS5S33SSSSS2255t=C-SS225S 

^ 

ssaaasasasgs=sss3Ssssssss 

^ 

3S2gSS^5SS3SSSS3gSf^Kl:SS3Sg 

„„,,,*,, *^,*M.**^,^,,,,,,,, 

a. 

i 

Sg3gSS.'sSSSS5S3S3gSSSr!:F?[=S 

- 

J9 

H 

1 

i 
i 

s 
1 

£ 

i 

§3aSSSSSa32S==SSS§88gS§gS 

--==00000000=000000000=0= 

s 

aSSSgSSl:SSSS8SES3a83aS5Se 

5 

SS3J333SS=aS3SSa3SISS6SSgS 

- 

£gS£5=SSSSISSgSSg3S£S;:nSgSS 

ss^ssss^^^'ssassssssssss^RSg 

' 

S8S8S8iSSSSgs6SSSgWlsSSIS 

} 

1 

s 

1 
i 
1 

■H 

s 
J 

5 
J 
2 

- 

3S33slaSSSISJSSSiS3=g33SgUSS 

i 

sssssaaaassssssaasssssssgsss 

QOOOOO*0=SOOOQ=OOOOOS:=SOOOOOOO 

I; 

$££SS2^S39£3S$??S^S3^S^^S3^S 

;SS^^^SS?;;;3^^l3^^^!SKn^SiS^^S^3$ 

i 

gagS53!5==:2sgsss9sssssg;tsS5Ss 

;- 

S!!SaasSSSKS33SaS8S2SSSSSSSS 

silSSSSBSsaSHSSWSslsgaSa 

■s 

1 

(3 

i 

iSiS!SS§3SSS3gS=3=SSS»SSSii3gSS 

S 

" 

Kssassssssssassssssssssasss 

1 

SsSSSI-SSsSSSaSsSslSSaSSasg 

^ 

1 

1 

1 
'S 
S 

S 

J 

i 

5S22!:2:5s=3ssaaa3saaaa3S3sss 

oaooaaooooooooodooadaoaooodo 

s 

g3S5S35SS§2SaKS53SI«S22Si!SSS 

SSSSSSSSSSSgl3gSS5SSS553S§!335 

•a 

«.„«  u,„  „^«a«u,a  a  u,a  «««««,««,«  u,„„-c  = 

" 

KS£S2aS3Sg2SS:ii8g3SSI3SSS:58S£g 

3:SSg2ESSgS5ST3SSSf;KSSgg|t:»S|S 

- 

1 

f 

1 

1 
1 
J 

1 

i 

g53553S5SS3SgSSSSgS?RKI;SaS£ 

=oooooo==o»=====oo==o====== 

■i. 

ssssasEacsaasJ33as33SSSS3S 

;333iSSSJ3SSS3S53SS3=aa3S33 

a 

3S2i!ssssssiJsasstsssssags::S3 

^ 

gsscssassssssssssssssssss! 

3S|iiSSi5sl=§Si5lSIS«llls§ 

i 

Sg!SSgS£S82SSS5SS3f;8SgSSSSSiS 

6- 

ssssssssssEsassssssssssssa 

gigsii^iiSsSaslllsssSISSss 

S 

H 

1 

c 

1 

i 
e 

i 

B5SSS!?SSSSSS3U33533Sr:i:ei!SIS 

=- 

SSSS5S3l:3SSSS3S82SS-S2SSSS 
»JSSSSSS5S5SSS5=SSti8SS3SSISS 

S3SSSS!JSSE!:SS§=S39S35SSS3SS 

==».  ===oo  =  .».,-~.-^^^.-».-.-.... 

- 

gssBsscsasssaassasESssasss 

p3assgS?S8s5is3ISisiSI55l 

- 

's 

k 

s 
^ 

s 

•5 

1 

s 

1 

1 

•3 

1 

1 

" 

§SSiS6S8SgSSiSSSgSSSSSSS8 

sslslsHllirgSlail-sNSiSSss 

S 

ssssssasBEiSsisgssaacsssssis 

3 

!5 

StiKteSKagHg^s^SnSSggSSSgSPS 

"— ""5S2S3aS3aSSSSSSSS53S 

s 

ss=sssS3sai:ss8sasai3ss3a5s 

fsisisiagiiiiisSgEsSiiiii 

s 

asssssssiiassisaasaussgsss 

'•'-'•— 3sa5=2g8ssaasasssss3 

e- 

SSBS8!:SSS3S§SSSSSS3382SS3 

siJS|i5S5||gs||||g5ass|||g 

■5 
■s 

E 
1 

§ 

sssssgssaKsasssssssssEsss 

===  =  o««»«.«»»»,„.».^..«»g 

a 

sssgsggssgggstessssssaatess 

S.g3S38SgSSf-SSSgSgS=2gS333 

5 

ssgsgsasasissisgssgsssssiss 

— ""sassssaasasassasssss 

- 

sssssssassaasssEisEssasua ■ 

55lllSsa3Salisl5gE5S3Sg|l 

- 

ssisSsgggBgssrggSsggrgsSs 

sssSglillaggSllsSilSsaasSs 

t 

« 

I 

1 

i 
u 

1 

1 
1 

i 

■s 

1 
1 

a 

2 

- 

a' 

^ 

R3333£BSSSSS32SS3e:SSS333SS 

SS3333SgSS8SSS3SS3SSaSSiSg 

a. 

S5gSSS3g33SSSS3SSSi3RSSSgggS 

„..»..«.......«««.«-«.««« 

' 

3S3';7;'-3Sa8!SSS3SaSSi!S3S|S3 

i 

ssssBSSSssssssiiSSsasBcsas 

1 

t. 

a3S3r!S5S3SSg53S53SSasESS: 

^ 

"*28S3SS3SS;5l2iSS£SgS22sa§S 

tJ 

1 

1 

s 
1 

s 

1 

i 

SgSi!S3SSSaSS=2SSS3SSg§SSS 

™ooo=ooo=o==ooo*ooo=o  =  o 

=" 

° 

SS3SSSS2=SS3gSg3aSSS3SSBS= 

S?gS22S$3S3SSSSaSSSeSRSSSS 

3SSS237;-=SS3iSSSSSS;SSSIg|= 

- 

3S3a22'_:SSg3SS3S^BSSHK3SSgg::?3S 


aS~^^^~S^SS°' 


SSSSssSsWssSSsSsSSSSSSSISI 


BS=2=SSaSi!J5SSS!SS3S3S 


J'l 


a: 

a, 

Q 

§ 

t 

1 

1 
1 
1 

= 

1 

3 

" 

c 

gSSSSgSS5S3SSS23SSgS5-S!3S:; 

;j 

3Sa8S3S3SSSSB;3SSg3aSli:S6!! 

38S3gSS^5S?-SSSSSS8SSSJS!|g 

d 

jsssiissssssssissssasssssss 

22322=gSSSSSSSSSSSSSS3S33i 

^ 

S3;ssssscsaS33§s!Sss;sssss 

SsjIlsSiiSIBSgSiSliiiillii 

5 

assssssssassssascsssssSBSs 

......o3S»»-agaSS3S3SgS98S 

" 

S6CS2=S33CSSSS33SS§SSSSiS3 

Sg»SlslsiilPJ5s=iEiisiii|i 

i 

e 

i 
= 

§ 

gsassssssagsascsssaasKssss 

s 

[;ssiS3=sas5S8S3sss;ss3a8SS 

m 

5S3SB8SS3SJSCSas;SSSSSSSS= 

1 
1 

2 

1 

S3232=a33SgSSS3SS3aSSSS33S 

" 

atSS3SSSSS53=aSESS8SBSSS8§ 

|3aiSsiill5sss3Sssiiig|| 

- 

2 

a 

1 
1 

i 

So 

— 
1 

■5 
-^ 

3 
1 
1 

■B 

J 

2 

1 

' 

c 

ssssssssgsssassssssg^sas?! 

o=3000=oo==c  =  ooooa  =  oooooo  = 

3 

SSSSSaSS33SfiSS3ES=SS2S3SE 

sasssssasssssssagsssssssa 

0 

nsgsssssssssggsssjsssassss 

...«.»  =  .  =  =  o=>  =  .  =  =  .===o=  =  .. 

IL 

SSSSS3S93S3gSS3SS5SSSSSSSS 

g:;S7°'?2^SSS»S3SSS3SSS!S§22SS 

fi 

sssasssassassssssssssaass 

=...=.=.=•=.=..=..=.==•=. 

1. 

gssassS3Sss=ss5Ss;5::s:s=s 

"ssssssssssp^sasss^sgijssss 

■3 

1 

S 

i 

-1 --0  o  o  oo  o  o  o  a  Q  O  D  o  o  o  o  o  o  oo  o  =  o 

=' 

S=SSU!SSS3SSS=SS3SSS3iSSS 

i 

9SS3=saSRCS.-?S3SSii:SS;eSSSig 

- 

KSSS3Sf;sSSSgSgEJ=SS5SSS=3SS 

- 

f. 

2 
« 

s 

a 

s 

i 

i 
i 

to 
Ixi 

S 

1 

1 
1 

i 
1 

- 

i 

I3^^s^sss^sss^s^^^;;s^^^g3^s3$ 

o=o=oooo=oo=o=o=======»=o=o= 

■i. 

SSSSESSSSSSgSSSSUSSaSSSCSSS 

SSSSSSSSS55;;3SS3S3;JSSSSSS 

a 

S5K33SSSSS3SSaSaa:SSSS15iSS£3=3 

»o3O0ffi«)ffl,-^^.-.-..t-^^r-t-.-.-t-^.-..««» 

1. 

=SSSSS=S2SS35iaESggSSS2§Sg5 

ssas|B8a5gs=§ss3gss5S8||38| 

5 

!SSiSSSSKSSSSSS3S=SSSSSStaSSi;C 

ffl  BUO  lOos  as  o  loa  =io  iS  h.  h-I»r- b-t.  M.  r-I.  I- b-f.  r-i. 

t< 

SSS£SS;;SSE:£S&SSi;s=iSS53£3^3;; 

S5SSSSi22g^SSS|g^S|S|=2S|^| 

1 
■s 

1 

1 

1 

i 

oooooocjdciooo  do  do  00  0  00  00  000  00 

=" 

!3;;$S^SSS3!SSISS3^£SSS^SSS1SS9S 

55555!5553;s;!3S!S9«SSSS&*5SSSS 

1 

SSSSgSSgS^SSSS5SKSSSSSSSS2::S 

o«««a-,-,.,->-f-^t-^^,-..t.r.t.^t-^»»». 

■ 

gassssssssKsssnussssitsJssag 

SS5S|SS222SaisSsgBsftl^e^il 

- 

ISS^ISS^III^IsS^S^g^^g^lggS 

^^^S?SS^^^5|i35SSS5SS5aSSg^^^ 

1 

•s 

1 

1 

1 

i 

■s 

1 

1 

2 
1 

- 

i 

SS5Sg3333SSSiS5SSr:SKr:SS3£gSSS 

;j 

SSSSSSSSSS32S25S2KSS2«!EK3SS 

tssssssasasssssssssisgissss 

s 

=SSSSSi3S33::SSS3KSS2SSSSSSa; 

0. 

SSSSSSBS2SS3SSSESSESSSSSS5 

a 

n 

1 
1 

1 
s 

g 

assssassssastsissSititsEsssssiss 

Sg3S2S=:SSPS5SS5:SSS5S3S=ggS 

sasBaasssiasssassssssisiSs 

1 

gsassissssssssscsssssscsgas 

- 

SS=gSSS==SSS2!SSgSSSSS3SSSS 

- 

5 

1 

K 

■s 

J 
1 
1 
1 

•5 
£ 

1 

2 

^ 

fi 

ssgsq=sss§G3s=saaBa3ss=5ss 

^ 

SSag3gSgssSR3S2gSS2gSSS2SS 

SiS8SS5g5ESSS33S=SSaSSS3ISS 

!9 

d:====assaasi!8ssi8ss3S3ssgs 

^ 

SS3ag5S6SS!SS3SS!!CSSS3as36S 

l§53S«SgSss5lii§iil3BaSiss 

a 

S8f!SSSSgSSSSS5SSr-SSSSSBSSa 
222S==asaSSSSg!SaS3KSSSSS3S 

1 

s 

1 

>■ 

J3 

a 

1 

1 

2 

1 

s 

§ 

8gg85=SS3gSSS=SsaESSE3asSS 

=' 

i 

jsssassssaHgsss^gsssgssKss 

=::=222agiqaSgSSSRS5i!S3ES53S 

" 

sssas^BssssassJsssasssaass 

liSsSlsSSSsSMsliiiiiliil 

•> 

§ 

z 

^§S^Sfe^§g§ISg§SSSS8SsSgSS§ 

2 

' 

"^■-^^l=l3!32^2^2^fe^l3!3?SSSs^lli 

g 

1 

1 
■s 

i 

SSSSSfeSSSSSt^SSSSSSSSSSSSS 

r-OOOODOOOOOCPOOOOOOOOOOOOO 

"t! 

3SSSgSSgSKSfe3SSSSSgSSK835 

SS3SSSstJS!5S?gS?SSgglSSSS?3;5 

SSS9S5i;sSS§gg2£SSSSSS?5S3te3 

,^ 

««s=«=«  =  »o^....r-...— .—...- t-t-r-.-.—  .- 

t 

■^ 

S2d£SSSSSS&S53r-S:;S!:23SSS5S 

II 

■2 

-i' 

i5SSS7=;'»SSgS;5SSRS£Sgg23sSS 

:^ 

1  1  1  1 

te 

3222S5222gSaSSSSg?3SgS?3*S 

o 

1 

,-,-,-^^.,.^,.f.^t.^r-,-t-^^t.h-r.^^,-^.- 

1 

S§gSSSSS2SSS5S81;§S£SSK!£S§ 

° 

" 

""SSS!:;S3g3f3SS33Sl:SSSSiS3SS 

« 

t^ 

IB 

Sii5SS33SSS5222g§g5SggSgg2 

I 

't 

3S::g3g3S2S2¥s2SSgS£ggSSS22 

^ 

1 

■~ 

SSSS?^$^ti:S!$$S$iS£S$$SS$$$$ 

? 

IC 

S23S2S3SSg3ggSffi5SSSS§EsS;;St; 

3 

i 
1 

,»«««.--...- ..^ -^  r-- -^  r- -.-..  1-..^,- ,- 

SS3aS5S!^=SIS=r:SSSSSSSS=K&2S 

i 

J;;Sg22«'J2gSig5sSg?:sS£S22SSS 

2 

' 

< 

"s^SIS^'ggsssg^gsgg^S^gssS^fe 

1 

i 

S 

1 

h 

i 
1 

■s 

a 

2 
1 

s 

1 

■1 

- 

a 

SS5SSaSSa8S3SSSSSSSSSS33JSS5 

oooo  =  ooo=«  ==ooooo==»oooooo= 

^ 

i>.aliSf!8SgSJSSESEgSSS3SSf:S3SS 

;;gg!S55555;3333SSS*S&35SSSS 

§ 

S!SgSSSS3S8S3=S3S3SSS-5SSS=5S 

,.„„^t-,.,-,.t-«««««««»»»»««««»o»= 

Ci, 

SSS^SSS2=i2SSS152SSSSSS-SSS!g5 

1 

sslElislSasSsSSaisllSSSsgis 

1 

S33iS3SSKCSaS5SSg2=3SS3SSSSSS 

„„„„„„,.,.„„„„,.,-.■«..«........ 

1 

^ 

6S3S»aS3SSSa33SSSSS3SSSSSSg 

H 

S-»i=S5S3gliaSgiisaisisSsgi 

S 

1 
s 

i 

i 

2 

1 

i 

S^2:!:2i^22g?3SSSSSSg«i?SSSgS5:g5S 

s 

a;js3s=3sasassgsiississss=sss 

SSSSSSS;5*ft5SS5?SSSSSS3K3S2S 

5 

cssssssassiassssssscESssssas 

,-„^„„„,.....«»-»—«.«........ 

> 

S3SS!=8S2SS3SSSSgSSa33SS2SSS 

?si;gs|i=S8g58iaSssi=iS3iii 

< 

1 

'■i 
s 

1 
1 
1 

1 

1 

s 

3 

I 

■3 

- 

u 

3SS35S£SSSSSSSSH;;SSSKgSSSgg 

=  000=00000000000  =  0000000  = . 

:j 

S3gs=:ssS5gKS3?:sssi;S3iS2-g3s 

333aSS3SSSSSaSS8SSSSS3SESS 

i 

SSSSSSSSSSSSSS3a=55:B?:SfeS5SS 

...oo„.oo=ooooo__---::222~2 

s 

SSSSf3S223SE!::f!5aS3SStS5SSSS 

-^ 

3|||=SPSislll3sS3iESssiiS 

J 

i 

sssssssssssssssssssssssisssa 

1 

>■ 

1 

1 

i 
= 

s 

3 

i 

SS»S=IS36SS33S3CSS5sasaSSSSS 

oooooo===oooooooooo=ooooo-- 

3acSE3!SSSS3SSSSSS33eSS;35 

SS«SSS3SSSSSSS33SSSSSSSi5r: 

i 

SSSSC3S3:SS33r.i!S2SS3E5=l!SES 

ooooo.oo  =  ooooo=o-----~~s«««2 

- 

35gt;SgSS2;S;ga2SSSS5SSSS2£S 

sisSSSsSsSSSsilSsSiBliSiSi 

- 

1 

*s 
} 

a. 
° 

-s- 

1 

1 
1 

1 

•B 

S 

5 
■J 

< 

i 

SS=2=S6Si!S3aS3SSS:SSSa§oS3S 

•^ 

=2gSggSSf3a::;;S!;2SBSS23SSS33S2 

Sr:KK;:KE:?SSSgSgg22SSS5SSSSai 

i 

3gS*S3SS2a5SgS3SSSSSiSSSS3KS 

S2i355i33S8saiS33SS3SSS3SaS6CK 

CL. 

ssssscssssgs^ssascsssssssss 

islEggJEiiglSasgiSlgiSllsIS 

1 

!g 

==22=2agsaasss!SSsss3Jssa3S3 

1 

&. 

ssssssassssssssesssssssssses 

i§§g-JSES3sisiiiiiaS8ssSisS 

1 

■B 

1 
• 

1 
s 
1 

i 

=" 

§ 

!.-SSSa3g:SS3SS35SS3SS5£3E:Sa 

s=22==sisssaisg3sss;ssa3ss6=i: 

■ 

SSSgSSSSSS!!a3S232SCS5SS3SS5 

islsSgsSaSiisasSiSgSlssSsii 

- 

TKAOK    FOBUUL^ 


TABLE  27 

TABlj;   OF  aWlTCH   TIGS 


Turnout  No. 

1 

a 

"^ 

7 

"^ 

9   |9i 

10  1    13    1    15 

Number  of 

Ti<a  Heq 

.red 

-•X12- 

ifi'  or 

~ 

~ 

~ 

J 

^ 

J 

J 

f'X  B- 

Ifi'   DO" 

1 

I 

7->;  W 

8-    0- 

i 

10 

t;x  0- 

B"  00- 

10 

»■    fi" 

7'X  &" 

Iff  00* 

3 

2 

3 

3 

4 

7">:  9" 

xo;   fl" 

a 

3 

3 

4 

v;x  V 

a 

B'  00* 

2 

1 

2 

2 

2 

I'x  r 

2-     6' 

2 

2 

Txiiy 

e;   8' 

7'xio; 

3'     B' 

1 

1 

2 

2 

2 

7-yio' 

■^'  00- 

a 

2 

2 

2 

2 

7.'X   fl' 

4;  ixi; 

7-x  r 

7'X  fi' 

s'  00* 

1 

1 

7'k  »- 

15'     6" 

2 

2 

2 

5 

v-x  0- 

10'  DO* 

^ 

= 

2 

" 

^ 

Tutal  Number 

■ 

otPiecea... 

34 

as 

4B 

ss 

50 

i\i 

C,2 

87 

f«t  Board 

W>iBht.  Live 

1759 

2135 

^^■itf^'o 

4.35 

5.27 

s.ei 

);.88 

sm 

9.04 

9.42 

B.4fi 

11.23 

14.03 



TAULI!   OF  SWITCH    TIES 


TABLE  28 

TABLE   OF   8WITCH  T 
Track  Ties  7'XS'XR' 


>.™t  No, 

4  1  a 

e  1  7  1  B 

9 

:«i 

j3 

13 

■Ji 

mcn„on 

Number  of  Tiea 

Reqm 

ed 

2" 

IS'  00- 

1 

"^ 

^ 

^ 

J 

J 

~ 

ff" 

15'  00- 

B- 

V  00- 

9- 

xs 

4 

4 

a 

G 

W 

3 

V 

lo;    e- 

4 

e- 

fr 

v 

ly  oc 

3 

2 

3 

V 

ly    r 

2 

0- 

»'  GO- 

1 

1 

i 

1 

i 

1 

0" 

14'     8' 

V 

M'     6- 

0 

O 

0 

V 

16-  W 

1 

3 

2 

3 

2 

9" 

15'     B" 

2 

2 

3 

1(1'  00" 

16'     6' 

2 

V 

17'  00- 

1 

1 

2 

- 

2 

^ 

Number 

'iecH... 

M 

3S 

-15 

65 

-IL 

05 

Bo»ri 

-IBBB 

0531 

»,    Live 

' 

isof2D0li 

■ 

B.70 

D.37 

7.00 

s.rs 

9. SO 

10.35 

10.54 

12,  sr 

ifl,H 

TBA.U1L   FO&HVhM 


TABLE  29 

LE   OF   SWITCH   T 
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at  PierFS  .  . 

J5_ 

311 

<0 

49 
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15 

OS 

TO 
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Feet  B.,ard 
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277-1 

WS4 
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4«9 

470S 

fi4S7 

TIM 

Wei,cht,  Live  1 

While   Oak.l 

S.15 

0.15 

ILSS 

s.ni 

9.li0 

10-78 

11,12 

ji.ra 

13.50 

17.70 

TABLE   OP   OROaSOVEB  TIES 
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Nu 

mber  of  Tiaa 
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^ 
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^ 

2 

■* 

.■>7;w 

fifWJi 

111  SI 

cauR 

"SiihXl 

11.3S 

H,OB 

12. 2H 

13.73 

14.18 

U.57 

15.20 

15. <B 
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Lb."              1 

TRACK    FOKHULJl 
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0-» 

9J-Bi 

10-10 

Tiacks 

13 

13 

.14 

12   1    13    1    U 

..    j    13    1    14 

DimedBion 

Nu 

mLer« 

f  Ties  Requ 

red 

, 

, 

, 

, 

2 

{ 
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U 
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Table  30  —  Conlinved 

rABLE    OP  CROSSOVER  TIE3 
Tract  Ties  r'X9'xa'C' 


Crossover  Nn. 

la-ia 

H-9i 

s-10 

Tracks 

12 

in    {    14 

IT 

13 

,. 

13   1    13   1    U 

Dimension 

Nil 

nbfr 

f  Ti« 

7'X]2- 

Iff  OT- 

2 

2 

2 

2 

2 

2 

2 

7*X  if 

IS'  00' 

3 

2 

3 

7-X  B" 

9'M' 

2 

24 

2* 

10 

10 

19 

1 

7'X  »■ 

9-   u; 

1 

7-X  B- 

7->:  y 

Iff     0' 

10 

10 

7 

7-X  r 

ii;  oo; 

8 

7-X  9- 

7-X  9- 

S 
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0 

0 

7'X  9- 
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1 

0 
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13;  oo; 
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14'  00- 

0 

0 
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'X  6" 

2»   e- 

a 

13 

0 
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jo;   e; 

-X  0- 
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!1'     fl- 

0 

18 

0 

0 

12 

0 

13 

0 

-X  9* 

22'     6' 

10 

12 

0 

12 

'xio- 

22-     0' 

° 

" 

" 

° 

Putal  Number 

132 

Bli 

F«.t  Bnarci 

Mm^iite. . , 

8940 

94l}4 

9374 

C978 

7141 

0973 

2113 

ToMotaoub 

32 -OB 

23, 3H 

23.10 

iG.yr, 

17.24 

17.04 

17,23 

17,57 

17.63 

lii 



TABLE  31 


<- 


1%'^ 

IV- 

■i%"  ■ 

2"     - 

2H"- 
2H" 


2%- 
2H''  - 
2W- 
2V' - 

2X"  - 


Width  of  Tread 


801b. 
35  «* 
40  <« 
45  " 
50  « 
55" 

eo<< 

65  « 
70" 
75" 
80" 
85" 
90" 
95" 
100  ri 


Width  of  Rail  Base 


-3M6- 
■31^6- 
-4M6- 


■4^6- 


5Ve- 

<- 

5^6- 

■53^"- 


801b. 

85" 

40  " 

45" 

50  M 

65" 

60" 

65 «« 

70  « 

75 «« 

80" 

85  " 

90" 

95" 

100" 

Total  height  same  as  width  of  Bail  Base 

Fig.  67. 
From  "Track."  Railway  Supply  Co.,  Chicago. 
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TRACK    FOKMULiB 


TABLE  34 

DRAINAGE   AREAS 


Sq. 

Ft.  Opening  = 

»C  "^(Drainage  Area,  in  Acres)' 

Acres 

Steep  Slopes 

Moderately 
Steep  Slopes. 

Rolling  Land 

Flat  Farm 
T^ands 

Drained 

Sq.  Ft.  Opening  Required 

'lO 

5.6 

2.7 

1.9 

1.1 

20 

9.5 

6.3 

3.2 

1.9 

30 

12.8 

8.5 

4.3 

2.6 

40 

15.9 

10.6 

5.3 

3.2 

50 

18.8 

12.6 

6.3 

3.8 

60 

21.5 

14.3 

7.2 

4.3 

70 

24.2 

16.1 

8.1 

4.8 

80 

26.7 

17.8 

8.9 

6.3 

90 

.29.2 

19.5 

9.7 

5.8 

100 

31.6 

21.1 

10.5 

6.3 

150 

42.9 

28.6 

14.3 

8.6 

160 

44.9 

29.9 

15.0 

9.0 

200 

53.2 

35.5 

17.7 

10.6 

240 

60.9 

40.6 

20.3 

12.2 

300 

72.1 

48.1 

24.0 

14.4 

320 

75.9 

50.6 

25.3 

15.2 

400 

89.4 

59.6 

29.8 

17.9 

480 

102.5 

68.3 

34.2 

20.5 

500 

105.7 

70.5 

35.2 

21.1 

560 

115.1 

76.7 

38.4 

23.0 

600 

121.2 

80.8 

40.4 

24.2 

640 

127.2 

84.8 

42.4 

25.4 

800 

150.4 

100.3 

50.1 

30.1 

1000 

177.8 

118.5 

59.3 

35.6 

2000 

299.0 

199.3 

99.7 

59.8 

2500 

353.5 

235.7 

117.8 

70.7 

3600 

464.8 

309.9 

154.9 

93.0 

5000 

594.6 

396.4 

198.2 

118.9 

6000 

681.7 

454.5 

227.2 

136.3 

7000 

765.3 

510.2 

255.1 

153.1 

8000 

845.9 

563.9 

282.0 

169.2 

9000 

924.4 

616.3 

308.1 

184.9 

10000 

1000.0 

666.7 

333.3 

200.0 

I.C.R.R.  Co.  1906. 


Extended,  1909,  by  S.  S.  R. 
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TABLE  35 

CAST  IRON  PIPE 


1 

Q 

D 

12 
16 
18 
20 
24 
30 
36 
42 
48 

I 

a 

M 

Id 
H 

i 

A 

a 

m 

1 

li 
If 

2 

Weight,  Gross 

Tona  Per  Lin. 

Ft. 

CD 

a 
o   • 

0.40 
0.03 
0.78 
0.94 
1.16 
1.62 
2.14 
2.90 
3.67 

0 .0334 
0 .0628 
0 .0651 
0.0781 
0 .0967 
0.1266 
0.1786 
0.2418 
0.2976 
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TABLE   38 

ARCH   CULVERTS 


Size 

Height  of 
Top  of 

Founda- 
tion to 
Base  of 
Coping 

Area  of 
Opening 
Sq.  Ft. 

Cubic  Yards 

Per 

Linear 

Foot 

Sq.  End 
Walls 
Both 
Ends 

Straight 
Wing 
Walls 
Both 
Ends 

30  Degree 
Wing 
Walls 
Both 
Ends 

4'  0" 
5'-0^ 

8'-0* 
lO'-O^ 
12'-0* 
14'-0* 
lO'-O" 
20'-0'' 

5'-3'' 
7'-6' 

ll'-9' 
14'_4^ 

15'-0* 
18'-6* 
22'-<r 
24'-9* 

15.0 

20.0 

39.0 

66.0 

102.0 

135.0 

195.0 

267.0 

376.0 

1.36 
2.00 
2.84 
3.93 
5.59 
6.35 
8.12 
10.84 
14.50 

28.0 
72.0 
115.0 
208.0 
223.0 
392.0 
063 .0 
1054.0 

32.0 
51.0 
82.0 
149.0 
166.0 
274.0 
469.0 
790.0 

41.0 
67.0 
113.0 
164.0 
172.0 
302.0 
440.0 
864.0 

Illinois  Central  R.  R.  Co. 
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TRACK    FORMULA 


TABLE  39 

DECK  PLATE   GIRDER 


|iOir,lron 


T 

A 

1 


T 


BasaofRaU 


JL 


Tj^mmm^^^m^mzmzwz^mmm/ 


i 


B 


Topo£llMoiux' 


Fig.  75. 

Shear  in  Thousands  of  Pounds  per  Rail.    Loading,  2-188.75-ton  Engines 
followeci  by  6000  Pounds  per  Linear  P^oot  Uniform  Load 


Span 

Total 
E.  S. 

A 

B 

C 

Wt.  of  Span 

30'  0* 

94.0 

4' 

lor 

4' 

lOft" 

r  0" 

18000  lbs. 

35'  0* 

103.5 

5' 

2^ 

5' 

2r 

7'  0* 

22000   •• 

40'  0' 

113.5 

5' 

^Y 

5' 

9i" 

7'  0' 

28000   •• 

45'  O'' 

123.5 

6' 

'6Y 

6' 

3" 

7'  0' 

34000    •* 

50'  0* 

132.6 

6' 

92" 

6' 

8}; 

7'  0* 

40000   •• 

55'  0* 

141.0 

7' 

1' 

r 

l' 

7'  0' 

46000   " 

60'  0* 

150.0 

7' 

4* 

r 

lor 

7'  O'' 

57000    •• 

65'  0* 

165.0 

8' 

6' 

9' 

OJ' 

8'  0* 

62000    •• 

70'  0* 

176.0 

9' 

4' 

V 

lOj- 

8'  0* 

08000    " 

75'  O'' 

189  0 

9' 

6J' 

w 

OJ' 

8'  0" 

78000    •• 

80'  0' 

202.0 

9' 

8^ 

4;' 

8'  0' 

90000    " 

85'  0' 

216.0 

10' 

0* 

r," 

9'  0* 

100000  •• 

90'  0" 

228  0 

10' 

2ft'' 

9r 

9'  0* 

114000   •• 

95'  0* 

242.0 

10- 

2r 

9  - 

9'  0' 

130000   " 

100'  0* 

259  0 

10- 

4^ 

11 ' 

9'  0* 

150000    •• 

110'  0* 

295.0 

10' 

or 

12' 

3J- 

9'  0* 

225000   •• 

Note  —  In  all  spans,  30'-0''  to  OO'-O''  in  length,  one  girder  will 
weigh  45%  of  the  total  weight  of  span. 

In  all  spans,  05' -0*  to  llO'-O*  in  length,  one  girder  will  weigh  46.5% 
of  the  total  weight  of  span. 

Compiled  by  Chas.  Chandler,  Illinois  Central  R.  R.  Co. 
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TABLE  40 

THROUGH   PLATE  GIRDER  SPANS 
I-BBAM  FLOOR 


Low  Iron 


Top  of  Masonij 


Shear    in    Thousands   [of    Pounds    per    Rail.     Loading,     2-188.5-ton 
Engines,  followed  by  6000  Pounds  per  Linear  Foot  Uniform  Load 


Total 

Span 

E.  S. 

A 

B 

c 

Wt.  of  Span 

30'  O'' 

98.0 

2'  iH- 

2f 

Itf' 

15'  0" 

40000  lbs. 

35'  0* 

108.0 

2'  2^^^ 

2f 

l+i" 

16'  0* 

48000   " 

40'  0" 

118.0 

2'  2^- 

2' 

^W 

17'  0" 

58000   " 

45'  0* 

129.0 

2'  2ft'' 

2' 

2ft' 

17'  6' 

68000    " 

5^  0* 

139.0 

2'2A'' 

2' 

2ft-' 

17'  6' 

77000    " 

55'  0^ 

148.0 

2^  2tt' 

2f 

9J-' 

17'  6' 

88000   •• 

60'  0* 

158.0 

2'  21" 

2t 

9J' 

17'  6" 

98000   *• 

65'  0' 

170.0 

2'  3" 

2t 

91' 

17'  6' 

111000   " 

70'  0* 

182.0 

2'  3ft' 

3' 

94" 

17'  6* 

120000   •* 

75'  0' 

194.0 

2'  3ft-' 

3' 

lOj' 

17'  6* 

133000   " 

80'  0* 

207.0 

2'  21" 

3' 

\0\" 

17'  6* 

149000   ** 

85'  0* 

220.0 

2'  3ft'' 

3' 

lOj* 

17'  6" 

163000   " 

90'  0' 

233.0 

2'  Sft-' 

3' 

lor 

17'  6' 

180000   •* 

95'  0' 

240.0 

2'  3ft'' 

3' 

\0\" 

17'  6' 

200000   " 

100'  0* 

260.0 

2'  3J* 

3' 

\0\" 

17'  0" 

222000   *• 

110'  0' 

280.0 

2'  4i" 

3' 

\0\" 

17'  6* 

250000   •• 

Note.  —  1^  =  Total  Wt.  of  one  single-track  span  with  two  Light  Girders. 


Span 

Wt.  of  One 
Light  Girder 

Wt.  of  One 
Heavy  Girder 

Wt.  of  One 
Floor 

30'  0'  to     60'  0* 
55'  0"  to     80'  0' 
85'  0'  to  110'  0' 

0.22  IT 
0.27  H' 
0.31  W 

0.39  IT 
0.48  W 
0.57  TF 

0.56  PT 
0.47  W 
0.38  17 

I  Beams  18''-65  lbs. 

Compiled  by  Chas.  Chandler,  Illinois  Central  R.  R.  Go. 
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TRACK    FORMUUffi 


TABLE  41 

THROUGH   PLATE   GIRDER  SPANS 
BTBINQBR  FLOOR 


T 

A 


I^w  Iron      X         I 


"^m 


J  Top  of  Masonry 
_     M 


i 


I 
I 


Fig.  77. 

Shear  in  Thousands  of  Pounds  per  Rail.     Loading,  2-188.5-ton  Engines 
followed  by  GOOO  Pounds  per  Linear  Foot  Uniform  Load 


Span 

Total 
E.  S. 

.4 

B 

c 

Wt.  of  Span 

30^  0* 

G4.0 

3'  2Y 

3' 

3ft' 

15'  G' 

45000  lbs. 

35'  0' 

79.0 

3'  3^" 

3' 

3A' 

IG'  G" 

5G000    " 

40'  0" 

8G.0 

3'  ZfnT 

3' 

3ft' 

17'  6' 

64000    *• 

45'  0* 

100.0 

3'  3^-^ 

3' 

3A' 

17'  0" 

71000    " 

50'  0" 

109.0 

3'  3g» 

3' 

3A' 

17'  6* 

81200    " 

55'  O'' 

124.0 

3'  4^ 

3' 

10:  ' 

17'  C' 

95900    " 

GO'  0* 

132.0 

3'  4j' 

3' 

lOi' 

17'  C' 

103800    •* 

G5'  0" 

144.0 

3'  4i' 

3' 

10 -J-' 

17'  G'' 

116000    •• 

70'  0* 

153.0 

3'  4A'' 

3' 

10  r 

17'  6' 

128000    •• 

75'  0* 

1G9.0 

3'  4tV' 

4' 

nft' 

17'  6' 

145700    •• 

80'  0* 

178.0 

3'  4i' 

4' 

lift' 

17'  6' 

164200    " 

85'  0" 

195.0 

3'  4A* 

4' 

iir 

17'  6' 

176000    " 

90'  O'' 

20G.0 

3'  4^" 

4' 

iif 

17'  G' 

189600    •• 

95'  0' 

222.0 

3'  ^W 

4' 

Hi' 

17'  G' 

210000    " 

100'  0' 

233.0 

3'  5A' 

4' 

iij' 

17'  0'' 

224800   •• 

110'  O'' 

202 .0 

3'  hW 

4' 

ii|' 

17'  G'' 

263000    •• 

Note.  —  TV  =  Weight  of  one  single-track  span  with  two  Light  Girders. 


Span 

Wt.  of  One 
Light  Girder 

Wt.  of  One 
Heavy  Girder 

Wt.  of  One 
Floor 

30'  OO'  to     50'  00' 
65'  00'  to     80'  00' 
85'  00'  to  110'  00' 

0.24  TF 
0 .25  W 
0  .28  W 

0.42  W 
0.40  W 
0.51  W 

0.54  W 
0.60  W 
0.43  W 

Compiled  by  Chas.  Chandler,  Illinois  Central  R.  R.  Co. 


COBTXa    OF   cmtTETSTa    OF   ABUTHEMTS 
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~>0  OOI^'-<C4  O^OkQO)  u)Oft*-4*-4a)  CO 
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ddddd  J^^^fH  ^^,H,H^  ,-i^fH^fH  fH 

TnqcToo  u>CNie^iQt>*  eo-sNO^  ooopr'SP  ^ 
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eo<o«^coa»  o»to»o^r^  ^09p9^  <9<x>9:^^  ^ 
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^p3oo^  eo^cpp?  S»9c9oop  cov-ic&txkQ  ^ 
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0)iHiHiHfh  vh*hih*hp  PPPPP  PPPPP  O 

ddddd  ddppp  pdpdp  ppppp  p 


lOwoQO^  p^^p^  ^eop"*«o  io»HQocoix  p 

r^poi-^^  mi^oQprx  ^loSoo^  ^ppt^o  ^ 

SoS>O?009  OiCOCOCOp  CQ>0^"9«C0  SSPOjA  p 

F-lC0O>Hp  dOiQPPP  9"9«iOtxp  §00090000  S 
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»oo9eoi>-»H  ^locoi^r^  ^t^Q^}5  09O^-^ 
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TABLE  45 


Velocity  Heads  in  Feet  for  Various  Velocities  in  Miles  per  Hour 

Formula:  A  »  0.035  F« 
From  "Elements  of  Railroad  Engineering,"  by  Wm.  G.  Raymond 
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NoTB.  —  For  this  Table  the  theoretical  velocity  heads  have  been  increased 
4.63  per  cent  to  allow  for  the  energy  of  the  rotating  wheels. 
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TABLE  46 

GENERAL   GEOMETRIC   PROBLEMS 

C 


Fig.  78. 

Fig.  78.     The  straight  line  CD  meets  the  straight  line  AB  at  D. 
When  4C  ADC  =  ^  BDC, 
then    ^ADC=^  BDC  =  90°, 

CD  is  ± to  AB, 

CD  is  the  shortest  distance  from  C  to  the  line  AB. 
When  AD  =  DB, 
then    AC  =  BC. 

Any  point  in  CD  is  equidistant  from  A  and  B, 
and  A  ABC  is  an  isoscel^  triangle. 


\ 
\ 


'^ 


1 


Fig.  79. 


Fig.  79.     The  straight  line  DF  intersects  the  straight  line  GH  at  E. 

Then  ^  GED  +^  DEH  =  180°  and  ^  CA'D  and  ^  DEH  are 
supplementary. 

^D£//  ^^GEF, 
^  GED=4-FEH. 
When  the  sides  of  one  angle  are  _L  to  the  sides  of  another 
angle,  the  angles  are  either  equal  or  supplementary.     AB  is 
J.  to  FD  and  AC  is  J_  to  GH, 
then  4-  BAG  =  ^  DEH  =  4-  GEF, 

-  180°-^  GED  =  180°  -  4- EEH. 
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Fig.  80.  Of  two  angles  lying  in  the  same  plane  the  sides  are  said  to 
lie  in  the  same  direction  when  they  are  on  the  same  side 
of  a  line  joining  the  vertexes  of  the  angles. 

When  the  sides  of  two  angles  are  ||  and 

(1)  in  the  same  direction, 

(2)  the  sides  of  one  are  in  one  direction  and  the  sides  of  the 
other  are  in  the  opposite  direction,  ij 

then  the  angles  are  equal. 

(3)  Both  sides  of  one  and  one  side  of  the  other  are  in  the 
same  direction  and  the  remaining  side  in  the  opposite 
direction, 

then  the  angles  are  supplementary. 

(1)  ^  ABC  =2;.  DBF  (Fig.  80). 
4.  KIJ  =  4.  KLJ  (Fig.  81). 

(2)  4  GLF  =  4-  CI  J  (Fig.  81). 

(3)  4-  ABC  =»  180°-  ^  GED  (Fig.  80). 


— H 


Fig.  80. 


Fig.  81.     Parallel  lines  are  lines  in  the  same  plane,  everywhere  equi- 
distant and  which  can  never  meet  however  far  extended. 

AB  is  II  to  GH, 
DC  is  II  to  FE. 

When  parallels  intersect  parallels, 

then  IJ  =  KL  and  IK  =  /L, 

4.  AIC  =  4AJE^  4  KIB  =  4  LJB  =  4  GKC  -  4  GLE 

'-'4DKH  =  4FLH 
4  CIB  =  4  EJB  =  4  AIK  =.  4  CKH,  etc. 
Figure  IJLK  is  a  parallelogram. 

10  =  OL  and  KO  =  OJ. 

Area  —  Any  side  X  ±  between  it  and  side  opposite. 


KL^+LJ* 
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Fig.  82. 

Fig.  82.     In  any  triangle 

^A+4CC  +  4C^-  180°, 

4CA+^5=^C  +  ^D=4C£?  +  ^F=  180, 

Area  =  One-half  the  produce  of  any  side  and  the  J_  upon  it 
from  the  vertex  of  the  angle  opposite. 


Fig.  83. 


Fig.  84. 


Fig.  83.     In  any  polygon  the  sum  of  any  interior  angle  and  the  ad- 
jacent exterior  angle  is  180°. 
When  N  »  number  of  sides  of  the  polygon,  /  an  interior 

angle  and  E  an  exterior  angle  taken  in  order, 
then  (/i  +  /2  +  /»  +    ...  /^r)  -  180°  (N  -  2), 

(Ei+Ei  +  Ei  -\-  ...  Ej^)  =•  300°. 
Area;  The  polygon  may  be  divided  into  a  series  of  triangles, 
or  a  series  of  triangles  and  trapezoids  the  sum  of  the  areas 
of  which  equals  the  area  of  the  polygon. 

Fig.  84.     When  ABC  =  any  triangle,  FJ  is  I)  to  EC  and  CJ  ^  JA, 
then  BF  =«  FA. 

When  ADBC  =  any  trapezoid,  FN  is  H  to  BC  apd  CN  —  ND, 
then  BF  =  FA. 

AD  +  BC 


Area  = 


»FiV  multiplied  by  J.  distance  AD  to  BC. 
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In  general, 

When  two  straight^  lines  BA  and  CA  are  intersected  by  any 
number  of  parallels, 


,  AE      EF      AF      FG      AG 
^•^  AI  '^  U  "aj'Tk''  AK 


EF      FG 
U  "  JK 


GH 
KL 


HB 
LC 


EG 
IK 


GH 
KL 

FH 


AH      HB     . 


^'-TL'   *'*"• 


Fig.  85. 

Fig.  85.     Two  polygons  are  similar   when  they  are  mutually  equi- 
angular and  their  similarly  situated  sides  are  proportional. 
When  4-  ACS  =  4-  ADC  =  ^  CDS  =  90°, 
then  A  ADC,  A  CDB  and  AACB  are  similar. 

CD^^ADXBD, 
AC*  "ABX  AD. 
CE^  -'ABXDB, 

AC*  ^AD 

BC^^DB 

Any  triangle  whose  sides  are  in  the  ratio  of  3  :  4  :  5  is  a  right 
triangle. 


Fig.  86.     AB^  '^  Bd^  4-  AC*  -  2  BC  X  DC.  (Figs.  86  and  87.) 

3?  ^  A^+B^  -  2_^'  XBD.  (Fig.  86.) 

Fig.  87.      A(f-^  AB*+B(f+2  BCX  D_B^  (Fig.  87.) 

BC*  ^aW  +  'A^-  2  ACXAE.  (Fig.  87.) 

Fig.  88.    When  AD  -  BD, 

then   CI'+CJb'-2(Id^+CD'). 
CZ*-  Cfl*  -  2  •  Zb  •  DE, 
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Fig.  89. 


Fig.  89.     When  A  BCD  is  any  quadrilateral  and  DE  =»  EB,  and  AF 
=  FC\ 

then  XE^+BC'-\-CD'+DA*='AC^  +'BD^+4¥F. 
When  A  BCD  is  a  parallelogram  (rhomboid  or  rhombus), 

2      .,      AC*  +  BD^ 

then  AB^+  BC  '^ g 

When  A  BCD  is  a  rectangle, 

then    AB^  +  BC^='  AC^^  BD*. 
When  A  BCD  is  a  square, 


then    AB=^ 


AC 

y/2 


Fig.  91. 


Fig.  90.  When  ABC  is  any  inscribed  triangle,  CD  a  diameter  of  the 
inscribing  circle  and  CE  is  _L  to  AB, 

then     AVXCB  ^CDX  Cl'. 

• 

Fig.  91.  When  ABC  is  any  triangle,  CD  the  bisector  of  an  interior 
angle,  and  CE  the  bisector  of  the  corresponding  exterior 
angle. 


then. 


AD  :  DB  : :  AC  :  CB, 
EA  :EB  :  :AC:  CB, 


EB, 


AD  : DB :  : EA 

ACXCB  =^a1)XDB-\-  CD\ 


ACXCB  ^  EAXEB  -  EC\ 
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Areas  of  similar  polygons  are  to  each  other  as  th6  square  of 

similarly  located  sides. 
Through  any  three  points,  not  in  the  same  straight  line,  a 

circle  can  be  passed  and  but  one. 
Circumferences  of  circles  are  to  each  other  as  their  radii. 
Areas  of  circles  are  to  each  other  as  the  squares  of  their 

radii. 
In  the  same  or  in  equal  circles,  equal  angles  at  the  center 

subtend  equal  arcs;  equal  arcs  subtend  equal  chords  and 

conversely. 


Fig.  92. 

Fig.  92.     When  AB  and  DC  are  any  two  chords  of  the  circle  AFDBGC 
passing  through  the  point  E^ 

then  lEXEB  =  DEX  EC. 

When  EO  is  a  line  joining  E  and  the  center  of  the  circle 

FG  is  the  chord  through  E  ±to  EO, 
then  FG  is  _L  to  the  diameter  which  passes  through  E. 

FG  is  bisected  at  E,  i.e.,  FE=  EG, 

FG  is  the  least  chord  through  E, 

FW'^  AEXEB  -=-DEXEC, 


Fig.  93. 

Fig.  93.     When  HE  and  AE  are  any  two  secants  drawn  through  any 
fixed  point  E  without  a  circle,  and  IE  is  a  tangent  to  the 

circle,   

then  AEX  BE-^-JHEX  FE=  7F. 

When  HF  and  KB  are  any  two  ||  chords  or  any  two  II  lines 

intersecting  a  circle. 
then  arc  XH  =»  arc  FB. 
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When  O  is  the  center  of  a  circle, 
then  arc  COB  is  the  measure  of  4-  COB. 

When  KBt  AB^  CB,  and  DB  are  any  chords  intersecting  at 

the  point  B  on  the  circumference, 
then  i  arc  KA  is  the  measure  of  ^  KB  A , 

§  arc  KAC  is  the  measure  of  ^  KBC^ 

^  arc  i4C  is  the  measure  of  4C  ABC,  etc. 

All  angles  inscribed  within  the  same  circle  terminating  In 
the  same  chord  and  lying  on  the  same  side  of  the  chord 
are  equal. 

When  the  given  chord  is  a  diameter,  then  all  angles  inscribed 
in  the  circle  and  terminating  in  the  diameter  are  right 
angles. 

When  HE  and  AE  are  any  two  secants  meeting  without  the 

circle,        

then  i  (arc  HKA  —  arc  FB)  is  the  measure  of  ^  HE  A. 

When  DE  la  a  tangent  and  AE  a  secant  intersecting  at  E, 
then  i  (arc  ACD  —  arc  DB)  is  the  measure  of  ^  A  ED. 

When  DE  is  a  tangent  and  DB  a  chord  intersecting  the 

tangent  at  D, 
then  i  arc  DB  is  the  measure  of  ^  BDE. 

When  CJ  and  HF  are  any  two  chords  intersecting  at  any 

point  G  within  the  circle, 
then  5  (arc  HJ+  arc  CDBF)  is  the  measure  of  4C  HGJ  and 

4C  CGF, 

i  (arc  HKAC+  arc  FIj)   is   the  measure  of   ^  HGC 
and  2(.  JGF. 

When  IE  and  DE  are  any  two  tangents  intersecting  at  E, 

then  i  (arc  IJHKACD  -  arc  DBFl)  is  the  measure  of  4. 1  ED. 

TABLE  47 

GENERAL  TRIGONOMETRIC   FORMULA 


n 

x 

V 

/ 

y 

D 

vj 

c 

1 

Fig.  94. 


Fig.  M.    In  Fig.  94.  A(?  -  A5  -  AD  -  «  -  1,    4  GAD  -  «)•.  OF 
»nd  HB  are  II  to  AD,  CB  and  B^  are  0  to  AG,  and  ;)C  BAC^a, 


I 
OENERAL    TRIOONOMETBTG    FORMULJB 


289 


sin  a 
cos  a 
tana 
cot  a 
sec  a 


CB, 
AC, 
DE, 

AE, 


coseca 

vers  a 

covers  a 

exsec  a 

coexsec  a 


AF, 
CD, 
HG, 
BE, 
BF. 


(\ 

a+90 

«-90 

90-rt 

«4-180 

«-180 

180-a 

sin 

—  cos 

cos 

cds 

—sin 

—sin 

sin 

cos 

sm 

—sin 

sin 

—  cos 

—  cos 

—  cos 

tan 

—  cot 

—  cot 

cot 

tan 

tan 

—  tan 

cot 

—  tan 

—  tan 

tan 

cot 

cot 

—  cot 

sec 

cosec 

—  cosec 

cosec 

—sec 

—sec 

—sec 

cosec 

—sec 

sec 

sec 

—  cosec 

—  cosec 

cosec 

Example:  sin  a  = 
sin(a+  180),  etc. 


cos  (rt  +  90)  =»  cos  (a  -  90)  =»  cos  (90  -  a)  = 


Fig.  95.  In  Fig.  95  let  A  ABC  be  any  right  triangle,  let  So  and  Sa  be 
the  sides  about  the  right  angle,  let  So  be  the  side  opposite 
and  Sa  the  side  adjacent  to  either  acute  angle  and  let  Hy 
be  the  hypothenuse,  then, 


=  1  —  cos, 
1  —  sin, 
sec  —  1, 


So 
sin  «=  7^' 
Hy 

Hy       1 

cosec  =  -o~  ™  "^ ' 
So      sin 

Sa 

coa  =»  77-' 

Hy 

Hy-Sa 

vers  = 75 = 

Hy 

So      sin         1 

tan  =»  cT-  =  —  =  — I  • 
Sa      cos      cot 

Hy-  So 

covers  =  — tj = 

Hy 

Sa      cos        1 

cot  =    o-  =  -T—  •=  .        • 

So      sin      tan 

Hy  -  Sa 
«^^ '        Sa        ' 

Hy       1 
sec  =»  -p-  = — • 
Sa      cos 

Hy-So 

from  which  follows 

sin  •  cosec  =  1, 

sin*  —  1  —  cos*. 

cos  •  sec  —  1, 

cos*  —  1  —  sin*, 

tan  •  cot  —  1, 

tan*  -  sec^  -  1, 

8in»  +  C082  -  1. 

cot*  —  cosec'-'  —  1, 

sec*  —  tan*  —  1, 

sec*  -  1  +  tan*. 

cosec'  —  cot*  -■  1, 

C06e<^  —  X  -V  co\*. 

cosec  —  1. 
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sin  a  =  Vi  -  cos^a  =  ^^(l  +  cos  a)  (1  -  ooe  a)  •»  cos  a  tan  a  =  ^5L5[ 

cot  a 

tan«  1       _        tan  ac        _  1 v^sec'a  —  1 

sec  a       cosec  a      Vl  +  tan"  a     Vl  +  cot-  a  sec  a 

-Vni"Cos2«)»2sinittcosia-,^*f"^f -^-i — - 

1  +  tan-*  i  a     cot  i  a  —  cot  a 

1  2 

tan  i  a  +  cot  a      tan  i  a  +  cot  i  a 

• 

cos  «  =  v^l  —  sin*  a  «  V(l  +  sin  a)  (1  —  sin  a)  =  sin  «  cot «  = 


sin  a 


tana 

cot  Of  1      _        cot  ^         _  1  _  v^cosec^  oi  —  1 

cosec  a     sec  a      v^l  +  cot*  a      Vl  +  tan*  a  cosec  a 

'  >/i(l  +  co32a)=°'".^^  =  cos*  i  a  -  sin*  J  a  =  1  -  2  sin^  h  a 

2  sin  a 

■    cos  4  =•  J  _j_  ^jj^jj,  ia  ~  cot^  ia  +  l^cotia-l-  tan  ^  a 

'  1 — ::: — ri ;  =  ^ — r-z r \ —  =  cos*  J  a  —  sin*  i  nr. 

tan  acotia— 1      1+  tan  a  tan  J  a  '  ' 

sin  or  1  ^  / — r— : —  1  sin  a 


sm  a  1  .  y ; 

tana  = = »«  Vsec* a  —  1  »=  ^  — ^ 

cos  a      cot  a  Vcosec^'a  —  1      Vi  — sin^o: 

^  >/l  —  cos*  «  _  a/"!  —  cos  2  g  ^      3in2«      ^  1  —  cos  2  or 
"        cos  a        "        1  +  cos  2a^l+cos2«""     sin  2  a 

-cosec2«-cot2a-cota-2cot2a  -  ,^\^",^f ^^°^  ^  ^, 

1  — tan'ia       cot-i«  — 1 

2 

cot  i  «  —  tan  i  a 

Expressions  for  cot  «,  sec  a,  and  cosec  or  are  the  reciprocals  of   those 
given  above  for  tan  a,  cos  (X,  and  sin  a  respectively. 

sin  («  ±  /?)  =  sin  a  cos  0  ±  cos  oc  sin  ;J. 
cos  {<x±  fi)  —  cos  Of  cos  ^  T  sin  a  sin  p. 

cot  ;9  ±  cot  a 

sin  a  cos  ^  =  i  sin  («  +  ^9)  +  i  sin  (nr  —  0). 

cos  or  sin  ;9  »  i  sin  {cx+  0)  -  J  sin  (or  —  0). 

sin  or  sin  ^  =  i  cos  (<v  —  A)  —  i  cos  (a  +  ^). 

cos  or  cos  ;9  =»  i  cos  (a  —  iS)  4-  i  cos  (or  4-  ^). 

sin  (or  +  ^)  sin  (a  —  ^)  =  sin*  a  —  sin*  0  =  cos*  ^9  —  cos*  a. 

cos  (or  +  i9)  cos  (or  -  ^9)  —  cos*  or  —  sin-  fi  =»  cos*  ;9  —  sin*  a. 
sinor+sin^—  2sini  {a  +  0)  cos  i  (or  —  0). 
sin  a— sin  ^9—  2cosH<x+  A)sini  (or  —  ^). 
cos  or  +cosi9=  2  cos  i  (or  +  /Sf)  cos  ^  {oc  —  P). 
cos  a  -  co8;9=»  -  2  Bin  i  («  +  ^)  sin  i  (a  —  i?). 
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tanadbtan^=  — ^- — —- 
cos  a  cos  0 

cot^±eota-.''!°<"t^]- 
Sin  a  sm  ;9 

x«  .  ^  cos(a=Fi9) 

coti9±tana= ^    T^- 

cos  a  sin  /9 

sec*  a  +  cosec'  a  =  sec*  a  cosec*  a. 

sin  2  a  =  2  sin  a  cos  a  —  (sin  a  +  cos  a)*—  1  =  1  —  (sin  a  —  cos  a)*. 

cos  2  a  =  2  cos*  a  —  1  =  1  —  2  sin*  a. 

.      -  ^         2  tan  a 
tan  2  a  = 


cot  2  a  = 
sec  2  a  = 


1  -  tan*  a 

cot*  «  —  1      1  —  tan*  a  _  cot  a  —  tan  a 

2cota    "^    2  tan  a     ~  2 

sec*  Of  cot  (t  4-  tan  a 


1  —  tan*  «      cot  a  —  tan  a 
cosec  2a  —  i  sec  a  cos  «  =  J  (tan  a  +  cot  a). 
1  =  sin*  i  a  +  cos*  i  a, 
sin  a  =  2  sin  i  or  cos  ^  a. 
cos  a  =  cos*  i  a  —  sin*  i  a. 
1  +  sin  ct  =  (sin  i  a  +  cos  J  a)*. 
1  —  sin  a  =■  (sin  i  «  —  cos  J  a)*. 
1  +  cos  a  =  2  cos*  i  a. 
1  —  cos  a  =  2  sin*  ^  a. 

sin  i  a  =Vi(l  -  cos  a)  =  J  v^l  +  sin  or  -  J  Vl  -  sin  «. 

cos  i  a  ^^i  (1  +  cos  a)  =  i  >/l  +  sin  a  +  i  v^l  —  sin  a. 

-      _  ^/l  —  cos«  __  1  —  cos  or  __     sing     _  1  +  sin  a  —  cos  a  . 
"~  ^  1  +  cos  a~     sin  a     "1  +  cos  a  ~  1  +  sin  a  +  cos  a 

A.  /l  +  cos  «      1  +  cos  oc         sin  or  1  +  sin  a  +  cos  a 

cot  *  a  =  a/    ; = ■' =  :; =  7—, : ' 

1  —  cos  a         sin  a         1  —  cos  ol      1  +  sin  a  —  cos  a 

,  A.  /  2 seen; 

sec  i  a  =  V  - 


sec  a+  1 
oosec^ 


V  2  sec  a 


sec  a 


TABLE  48 


GENERAL   PROPERTIES   OF  TRIANGLES 

Right  Triangles 
Fig.  96. 


a  =  c  sin  a  =  6  tan  a  =  c  cos  /9  =  6  cot  iS  =»  v'c*  —  6*  =  V(c+fe)(c  —  6). 

6  =  c  cos  a  =  a  cot  a  =  cs'in  ^  —  a  tan  /?  =>/c*  —  a*  =»  V  (c  +  a)  (c  —  a). 

a  6  ,  b  a         .  „ 

c  =  -; »=  =»  a  cosec  a  ==  b  sec  a  =  -; — r  = s  =  o  cosec  iJ 

sin  a      cos  CK  sin  ^      cos  ^ 

=  asec  j9  =  v^a*+62. 

6c  sin  rt      ac  cos  a   •  fc^  tan  or      a*  cot  a 
Area ^ = ^ = g- ^ •  etc. ... 

_  ac  sin  /3  _  be  cos  0  _  a*  tan  0  __  6*  cot  0 

2  2        ~       2        ~__J_J__ 

a6      oV(c  +  a)(c-a)      6  >/(c  +  6)  (c  -  6) 


292 


TRACK    FOBMULiB 


When  a  and  0  are  near  0**  and  90**  the  use  of  functions  of  ans^es  near 
0*  may  be  avoided  for  (90°  -  a)  =*/9  and  (90°  —  0)  =  a.  The  use  of 
functions  of  ans^es  near  90°  may  be  avoided  by  the  following  formulas. 


Fig.  M. 


sin  i  a 
cos  i  a 
tan  i  a 
cot  i  a 


V' 


c-h 
2c 


V' 


c+b 
7Tb 


c-  b 


sin  ^  0 
cos  i  0 
tan  i  0 
cot  i  i? 


*    c+a 


c  —  a 
2c 

c+a 
2c 


c+  a 
c  ^  a 


Fig.  97. 


IN    GENERAL 


Fig.  97. 

o  =■  ft  cos  d  +  c  cos  0. 
6  «=  c  cos  «  +  a  cos  6, 
c  *=  a  cos  0  +  b  cos  a. 

a  6  c 


sinCK 
a3  =  62+  c*  -  2  &c  cos  a. 
6«  —  c»+  a«  -  2 ca cos  i9. 
e2  s  a2  +  6-  -  2  a6  cos  9. 


sin  /9     sin  6 


tan  (90 


(•0-1) 


cot  i« 


0+6  _  tan  i  («  +  ;?)  ^  tan  j  (180  -  tf) 

o  -  ft  "  tan  i  (a-  ;9)        tan  i  (a  -  i9)    "  tan  i  (a  -  0)     tan  i  (a-j}) 

ft-t-c  _ tan  H^  +  ^)  ,       cot ^  a1 

ft  -  c  "  tan  H)?  -  ^)  "  tan  i  (^  -  ^) 

c-t-g^tan  ^  ($+  a) _^     cotj^ 

c  -  a  ""  Un  i  («  -  a)     Un  i  (•  -  a)  * 
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a  =  One-half  the  sum  of  the  sides  of  the  triangle. 

«  -  i  (o  +  6  +  c). 
8  —  a  '^  i  (—  a+  b+  e). 
8  —  b='i  (a  —  b+  c). 
8  —  c  —  i  (a+  b  —  c). 

ca  ca 

sin  i  tf  =  \^ -T -*  cos  J  ^  =  'V  . — - ' 

r  =>  Radius  of  the  circle  inscribed  in  the  triangle. 

_^   o  sin  ^  ;9  sin  ^  tf      68in  ^  tf  sin  ^  «  _^  csin  ^  «  sin  ^  ^      T^ 
cos i  Of  cos|  fi  cos ^0  8 


tani 


Q.  _  .^/(^  -  />)  (a  -  c)  _ 


«  («  —  a)  «  —  o 


tan  U  -  .y/(« -;)(«- °) 


«  («  —  6)  «  —  6 

«(«  —  c)  «  —  c 

sm  a  «=  ;-  Vg  (a  _  a)  («  _  ^)  («  _  c)  —  -;—  =  -7—  - 

be        be 


2     / 

lin  a  —  r-'v  8  («  -  a)  («  -  6)  («.-  c) 


sm  ^  =  —  v«  («  -  a)  («  -  fe)  («  -  c)  =«  -—  "  "Zr* 
ca  ca        ca 

T  =  area  of  the  triangle. 


r  =  «r  =  >/«  (a  -  a)  (s  -  6)  («  -  c)  - 


nrs  sin ;?  sin  9      b*  sin  tf  sin  a 


sin  a  sin  fi 

c'  sin  or  sin  fi      6c  sin  or      ea  sin  j?      ab  sin  tf  ^ 
*"        sin  9        "'2°'2""2* 

r^  »  Radius  of  circle  circumscribed  about  the  triangle. 

abe 
^e"  4t' 

The  radii  of  the  escribed  circles  are 

rg^  «  radius  of  circle  tangent  to  side  a  and  to  sides  b  and  e  product 

T  T  ,  T 
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TABLE  49 


Fig.  98. 


SIMPLE   CURVE   FORMULAS 


R 


Exact 

^      50     _^ 
sin  i  D 

-  r  cot  i  A 


20, 

T 
tan  i  A 
E 


i2  = 


Approximate 
5730  _Tx_Ex 
T 

C2 


100  A 


R 
5730 


A' 


Z>         SM 


exsec  i  A 

cosiA 

vers  i  A 

E 

T  =  , — •  =  ^  cot  i  A  -  i?  tan  i  A. 

tan  i  A 

^—   TtaniA  — fiexseciA 


M 


M 


,  -  -==  M  sec  i  A. 
cos  i  A 

^  cos  i  A  —  i2  vers  i  A 


Any  ordinate,  m-V(«-x)»-ViP-(D* 


SR 


m- 


qb 
2R 
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e 


flA 


-c. 


67.3 

200.  siniD. 

—     .%-  g^  - 
2  100 ' 


0< 


Og  »  200  •  sin  i  D. 


8  3fa     . 

3C  ' 
I  iV»D  (N  -  nufmberof 

stations  from  origin). 


OtD 


TABLE  50 


Given 


TtfliAiA, 
T2TiRi\ 


T2R2R\^t 


T2R2^iA, 


To  find 
A. 

P1P2. 

7^2^2^2- 
/22A2A1. 

TiAzAi. 
TiRi^i. 


Fig.  99. 

COMPOUND   CURVE   FORMULAS 

Formulas 


At  +  A2  =  A. 

P1P2  =  /?i  tan  J  A,  +  R2  tan  i  Aj. 

Ti  sin  A  —  i?i  vers  A 
vers  A2  = -p ^ 

/l2  —  /ti 


.  vers  A 

i?2  —  ^1 

(/?2-  i?i)sin  A2  +  Ri  sin  A  - 
_         Tt  sin  A  —  Rt  vera  A 


sin  A  —  Ticos  A. 


_         _        Ti  sin  A  —  Ri  vers  A 

K2  —  K\  '^ T 

vers  A2 

T2  =  (i22  -  Rx)  sin  A2  +  Rx  sin  A  -  Tj  cos  A. 

1  A    —      7^1  si"  A  —  gi  vers  A 
tanlAo-  .^2  +  TjcosA  -  i2,sinA* 

_        _        ^2  +  7'i  cos  A  -  R^ain  A 

K2—  Kx  =  : — T • 

sm  A2 

i22versA  —  7'2sinA 
vers  Ai  = -= 

/V2  —  ^t 

Tx  =  i?2sin  A  -  (/?2  -  i2i)8in  Ai  -  r2Cos  A. 

_         D        /?2versA  —  r2sinA 

112  —  iix  — 7 * 

vers  Aj 

Tx  =  R2am  A  -  (R^  -  R^^  B\tv  ^v  -  Ta^aei  c*^. 
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Given 

To  find 

r,ri«,A. 

AiAiAi. 

tan  i  A| 

Fonnulas 

i?2verBA  —  rggjn  A 
'  R2Bin  A  -  Ta  cos  A  -  Ti 
i?«am  A  -  Tacos  A  -  T, 
sin  At 


TABLE  61 


REVERSED  CURVE   FORMULAS 
(Parallel  Tangents) 

When  fit  —  fia  •»  R, 


When  Rt  ^  R% 

1 

2d' 
d 

vers  A 

d 

vers  **  — 

(/?I+fi2) 

C  = 

V2(/?i+fi2)d, 

d=- 

R\  vers  A  +  fia  vers  A. 

R 


vers  A 


2  vers  A 

2R 

C^2>/Rd, 
d  »  2  A  vers  A. 


then 


REVERSED   CURVES,   TANGENTS  NOT   PARALLEL 

In  Fix.  101. 

When  D  is  fixed,  measure  :ri  and  angle  ABC  »>  A, 

Rt  vers  A  +  X|  sin  A 


vers  0 
cos  ^ 


Ri  +  R2 
/?2  "^  fii  COS  A  —  X|  sin  A 
fit  t-fia 


When  B  is  inaccessible,  measure  DE  Ji,to  AB  and  measure  ^  DEB 
or  ^  Oi^C, 
then  A  -  90**  -  ^  DEB  -  90**  -  ^  Oi£C. 

^      Ri  vers  A  +  ^  cos  A       DE  +  (fti  -  DE)  vers  A 
vers  ^  = ■    -^ " - • 


008  ^  » 


R1+R2 
fia+  (fii  -  P^)co8A 
Ri+Rt 


Rt  ~i~  R2 


REVERSE    CURVE    FORMULAS 
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When  F  is  fixed,  measure  X2  and  ^  ilBC  —  A, 


then 


vera  (^+  A) 
cos  (^+  A) 


R2  vera  A  +  xgsin  A 

Ri  +  ^2 
Rx  ■¥  R2  cos  A  —  xa  sin  A 


Fig.  101. 

When  B  is  inaccessible,  measure  FG  J_  to  CB  and  measure  ^  FOB 
or  :f.O^A, 
then  A  =  90°.-  4C  FGB  -  90**  -  ^  0/^A, 

i2a  vera  A  +  TO  cos  A      FG  +  (  fij  -  FG)  vers  A 


vers  (^+  A) 


cos(^+  A) 


^i  +  R2 
R\  +  {R'2  -  FG)  cos  a 


Rt-^Rt 


R\  +  ^2 

With  ^  and  (^  +  A)  known  any  part  of  either  cunre  may  be  deter- 
mined by  the  formulas  of  Table  49. 
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8 

9 

™. 

n 

44 

^ 

g 

^iT 

18 

„ 

^ 

3> 

35 

40 

^ 

9 

26 

30 

34 

i 

A 

1 

\l 

=5 

"9 

4> 

4> 

^ 

« 

" 

a. 

33 

*■ 

X 

Dlff. 

^ 

■ 

3 

4 

5 

~6" 

1 

r*~ 

\  ^  v^ 

TABLE  55 

LOGARITHMIC   SINES,   COSINES,   TANGENTS, 
AND   COTANGENTS 


179' 


M. 


o 

X 

a 

3 

4 

i 
i 

9 
xo 

XX 

xa 

13 
14 

II 

17 

xa 

19 

ao 
ax 
aa 
as 

34 


37 

aS 

39 

30 

31 
Sa 

33 

34 

3 

3 

37 

38 

39 
40 
41 
4a 
43 
44 

Ji 

47 
48 

49 

50 
51 
5a 
53 
54 
5 

5Z 
58 


Sin. 


— 00 
6.463726 

.764756 
.940847 
7.065786 
7.162696 
.241877 
.308824 
.366816 
417968 

7.463726 
.505118 
.542906 
.577668 

.609853 
7.639816 

.667845 
.694173 
.718997 
.742478 

7-764754 

.785943 
.806146 

.825451 
.843934 
7.861662 
.878695 
.895085 
.910879 
.926119 

7.9^0842 
.955082 
.968870 

.982233 
.995198 
8.007787 
.020021 
.031919 

.043501 
.054781 

8.065776 
.076500 
.086965 
.097183 
.107167 

8. 1 16926 
.126471 
.135810 
.144953 
.153907 

8. 16268 1 
.171280 
.179713 

.187985 
.196102 
8.204070 
.211895 
.219581 
.227134 

.234557 
8.241855  j 

Cos, 


D.  i". 


/ 


50x7.17 

2934.85 

2082.32 

1615.17 

1319.68 

1115.78 

966.53 

852.53 

762.63 

689.87 
629.80 

579.37 
536.42 
499-38 

467.15 
438.80 

413.73 
391.35 
371.27 

35.-^.15 
336.72 

321.75 
308.05 

295.47 
283.88 
273.17 
263.23 
25400 
245.38 

237.33 
229.80 
222.72 
2i6.c8 
209.82 
203.90 
98.30 

93.03 
88.00 

83.25 

78.73 
74.42 
70.30 
66.40 
62.65 
59.08 
55.65 
52-38 

49-23 
46.23 

43.32 
40.55 
37.87 
35.28 
32.80 
30.42 
28.10 
25.88 
23.72 
21.63 


Cos. 


xo.oooooo 
.000000 
.000000 
.000000 
.000000 

10.000000 

9.999999 

•999999 
•999999 
.999999 

9.999998 
.999998 
•999997 
•999997 
.999996 

9.999996 

.999995 
.999995 
.999994 
.999993 

9.999993 
.999992 
.999991 

.999990 
.999989 
9.999989 
.999988 
.999987 
.999986 

.999985 

9999983 
.999982 
.999981 
.999980 

.999979 
9-999977 
.999976 
.999975 
.999973 
•999972 

9.999971 
.999969 
.999968 
.999966 

.999964 

9-999963 
.999961 

.999959 
.999958 
.999956 

9.999954 

.999952 

.999950 

999948 

.999946 

9.999944 

.999942 
.999940 
.99993^ 
.999936 
9-999934 


D.  I". 


Sin. 


.00 
.00 
.00 
.00 
.02 
.00 
.00 
.00 
.02 

.00 
.02 
.00 
.02 
.00 
.02 
.00 
.02 
.02 
.00 

.02 
.02 
.02 
.02 
.00 
.02 
.02 
.02 
.02 
.03 

.02 
.02 
.02 
.02 

.03 
.02 

.02 

.03 
.02 

.02 

.03 
.02 

.03 
.03 
.02 

.03 
.03 
.02 

-03 
.03 

.03 
.03 
•03 
.03 
.03 
.03 
.03 
.03 
.03 
•03 


Tan. 


— 00 
6.463726 

.764756 
.940847 
7.065786 
7.162696 
.241878 
.308825 
.366817 
.417970 

7.463727 
.505120 
.542909 
.577672 
.609857 

7.639820 
.667849 
.694179 
.719003 
.742484 

7.764761 

.785951 
.806155 

.825460 

.843944 

7.861674 

.878708 

.895099 
.910894 
.926134 

7.940858 
.955100 
.968889 
.982253 

.995219 
8.007809 

.020044 
.031945 
.043527 
.054809 

8.065806 
.076531 
.086997 
.097217 
.107203 

8.116963 
.126510 

.135851 
.144996 

.153952 

8.162727 
.171328 
.179763 
.188036 
.196156 

8.204126 

.211953 

219641 

.227195 

.234621 

8.241921 


D.  I". 


5017.17 

2934.85 

2C82.32 

1615.17 

1319.70 

1115.78 

966.53 

052.55 

762.62 

689.88 
629.82 
579.38 
536.42 
499.38 
467.15 
438.83 
413.73 
391.35 
371.28 

353.17 
336.73 
321.75 
308.C7 

295.50 
283.90 
273.18 
263.25 
254.00 
245.40 

237.37 
229.82 
222.73 
216.10 
209.83 
203.92 
98.35 
93.03 
88.03 
83.28 

78.75 
74.43 
70.33 
66.43 
62.67 
59.12 
55.68 
52.42 

49.27 
46.25 

43-35 
40.58 
37.88 

35-33 
32.83 

30.45 
28.13 

25.90 

23-77 
21.67 


Cot. 

1 

1 

— 00 

60 

3.536274 

% 

.235244 

.059153 

^ 

2.934214 

56 

2.837304 

.55 

.758122 

54 

.691175 
.633183 

53 
5a 

.582030 

5X 

2.536273 

50 

.494880 

% 

.457091 

.422328 

^l 

.390143 

4b 

2.360180 

45 

.332151 

44 

.305821 

43 

.280997 

4a 

•257516 

41 

2.235239 

40 

.214049 

13 

.193845 

.174540 

37 

.156056 

36 

2.138326 

35 

.X21292 

34 

.104901 

33 

.089106 

3a 

.073866 

31 

2.059142 

30 

.044900 

11 

.031111 

.017747 

37 

.004781 

a6 

1.992191 

as 

.979956 

a4 

.968055 

a3 

.956473 

aa 

.945191 

ax 

1.934194 

ao 

.923469 

^3 

.913003 

.902783 

17 

.892797 

x6 

1.883037 

»5 

.873490 

14 

.864149 

»3 

.855004 

xa 

.846048 

XX 

1.837273 

xo 

.828672 

i 

.820237 

.811964 

7 

.803844 

6 

1.795874 
.788047 

5 
4 

.780359 

3 

.772805 

a 

.765379 

X 

1.758079 

0 

D.  1". 


Cot. 


\^- 


r" 


1  %.■»,. 


«%et  A 


Table  55.  —  Continued 

LOGARITHMIC   SINES,    COSINES,   TANGENTS, 
AND   COTANGENTS 


178* 


M. 


o 

z 

3 

3 
4 

I 
I 


zo 
zz 

Z3 

za 

20 

ax 

23 

23 
24 

II 

27 
28 
39 

30 

31 
33 

33 
34 
35 
36 

37 
38 
39 

40 
41 
4a 
43 
44 

:i 
% 

49 

50 
51 
5a 
53 
54 

56 

58 

S9 


Sin. 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


241855 
249033 
250094 
263042 
269881 
276614 
283243 
289773 
296207 
302546 

308794 

314954 
3210^ 
327016 
332924 
338753 
344504 
350181 

355783 
361315 

366777 
372171 

377499 
382762 

387962 
393101 
398179 
403199 
408 161 
413068 

417919 
422717 
427462 

432156 
436800 

441394 
445941 
450440 
454893 
459301 

463665 
467985 
472263 
476498 
480693 
484848 
488963 
493040 
497078 
501080 

505045 
508974 
512867 

516726 
520551 

524343 
528102 

531828 

535523 
539186 
542819 


D.  1". 


117.68 
115.80 

113.98 
112.22 
110.48 
108.83 
107. 23 
105. 65 
104.13 

102.67 

101.22 

99.82 

98.47 
97.15 
95.85 
94.62 

93.37 
92.20 

91.03 

89.90 
88.80 

87.72 
86.67 

85.65 
84.63 
83.67 
82.70 
81.78 
80.85 

79.97 
79.08 
78.23 
77.40 

76.57 
75.78 
74.98 
74.22 

73.47 
72.73 

72.00 
71.30 
70.58 
69.92 
69.25 
68.58 

67.95 
67.30 

66.70 

66.08 

65.48 
64.88 
64.32 

63.75 
63.20 
62,65 
62. 10 
61.58 
61.05 

60.55 


Cos. 


999934 
999932 
999929 
999927 
999925 
999922 
999920 
999918 
999915 
999913 

999910 

999907 

999905 
a 


_  99 
999897 
999894 

999891 
999888 

999885 

999882 

999879 
999876 
999873 
999870 
999867 
999864 
999861 
999858 
999854 

999851 
999848 

999844 

999841 

999838 

999834 
999831 
999827 

999824 
999820 

999816 
999813 
999809 
999805 
999801 

999797 
999794 
999790 

999786 
999782 

999778 

999774 
999769 

999765 
999761 

999757 
999753 
999748 

999744 
999740 

999735 


D.  1". 


.03 
.05 
.03 
.03 
.05 
.03 
.03 
.05 
.03 
.05 

.05 
.03 
.05 
.05 
.03 
.05 
.05 
.05 
.05 
.05 

.05 
.05 
.05 
.05 
.05 
.05 
.05 
.05 
.07 
.05 

.05 
.07 
.05 
.05 
.07 

.05 
.07 
.05 
.07 
.07 

.05 
.07 
.07 
.07 
.07 
.05 
.07 

.07 
.07 
.07 

.07 
.08 
.07 
.07 

.07 
.07 
.08 
.07 
.07 
.08 


Tan. 


D.  I". 


D.  1 


f/ 


8. 24 192 1 
.249102 
. 256165 
.263115 
.269956 

8. 276691 
.  283323 
.289856 
. 296292 
.302634 

8. 30888A 
.315046 
.321122 
.327114 

.333025 

8.338856 

.344610 

.350289 

.355895 
.361430 

8.366895 
.372292 
.  377622 
.382889 
.388092 

8.393234 
.398315 
.403338 
.408304 

.413213 

8.418068 
.422869 
.427618 

.432315 

.436962 

8.441560 

.446110 

.450613 
.455070 
.459481 

8.463849 
.468172 

.472454 
.476693 
.480892 
8. 485050 
.489170 
.493250 

.497293 
. 501298 

8, 505267 
.509200 
.513098 
.516961 
.520790 

8. 524586 

.528349 
. 532080 

.535779 

•539447 

8.542>Q^ 

\     Cot. 


19.68 
17.72 
15.83 
14.02 
12.25 

10.53 
08.88 
07. 27 
05. 70 
04.17 

02. 70 
01.27 

99.87 
98.52 
97.18 
95.90 
94.65 

93.43 
92.25 
91.08 

89.95 
88.83 

87.78 
86.72 

85.70 
84.68 

83.72 
82.77 
81.82 
80.92 


Cot. 


-D.x 


M 


1.758079 
.750898 

.743835 
.736885 

.730044 

I. 723309 
.716677 

.710144 

.703708 

.697366 

I.69III6 
.684954 
.678878 
.672886 
.666975 

I.66II44 
.655390 

.649711 
.644105 

.638570 

I.  633105 
.627708 
.622378 
.617III 
.611908 

1.606766 
.601685 
.596662 
.591696 
.586787 

I. 581932 

.577131 
.572382 

.567685 
.563038 
1.558440 
.553890 
.549387 
.544930 
.540519 

I.  536151 
.531828 

.527546 

.523307 
.519108 

I. 514950 
.510830 

•506750 
.502707 
.498702 

1.494733 
.490800 

.486902 

.483039 
.479210 

1.475414 
.471651 
.467920 
.464221 


Table  55.  —  Continued 

LOGARITHMIC   SINES,   COSINES,   TANGENTS, 
AND   COTANGENTS 


i7f 


M. 


o 
z 

3 

3 
4 

i 
I 

9 

lO 

zi 

13 

13 

\l 
\l 

19 

30 
31 
33 
33 

34 
39 

30 

31 
33 

33 
34 

39 

40 
41 
4a 
43 
44 

$ 
% 

49 

50 
51 
53 
53 
54 

li 


Sin. 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


542819 
546422 
549995 
553539 
557054 
560540 

563999 
567431 
570836 

574214 

577566 
580892 

584193 
587469 
590721 

593948 
597152 
600332 
603489 
606623 

609734 
612823 
615891 
618937 
621962 
624965 
627948 
63091 I 

633854 
636776 

639680 

642563 
645428 
648274 
651 102 

6539" 
656702 

659475 
662230 
664968 

667689 

670393 
673080 

675751 
678405 

681043 

683665 

686272 

688863 

691438 


693998 

696543 
699073 

701589 
704090 

706577 

709049 
711507 

713952 
716383 
8.718800 


D.  I". 


/    Cog,      I  D.I 


60.05 
59-55 
59-07 
58.58 
58.10 

57-65 
57.20 

56.75 
56-30 
55.87 

55-43 
55.02 
54.60 
54.20 
53.78 
53.40 
53.00 
52.62 
52.23 
51.85 

51.48 
51.13 
50.77 
50.42 
50.05 

49.72 

49.38 

49-05 
48.70 

48.40 

48.05 
47-75 
47.43 
47.13 
46.82 

46.52 
46.22 

45.92 
45.63 
45-35 

45-07 
44.78 

44-52 
44.23 
43.97 
43-70 

43.45 
43.18 

42.92 
42-67 

42.42 

42.17 

41-93 
41.68 

41.45 
41.20 

40.97 
40.75 
40. 52 
40.28 


C08. 


999735 
999731 
999726 

999722 
999717 

999713 
999708 
999704 

999699 
999694 

999689 
999685 
9996S0 

999675 
999670 
999665 
999660 

999655 
999650 

999645 

999640 

999635 
999629 

999624 
999619 

999614 
999608 

999603 
999597 
999592 

999586 
999581 
999575 
999570 
999564 
999558 
999553 
999547 
999541 
999535 

999529 
999524 
999518 
999512 
999506 
999500 

999493 
999487 
999481 
999475 
999469 

999463 
999456 
999450 
999443 
999437 
999431 
999424 
999418 
99941 I 
999404 


D.  I". 


07 
08 

07 
08 

07 
08 
08 
08 

08 
08 
08 
08 
08 
08 
08 
08 

08 
10 
08 
08 
08 
10 
08 
10 
08 
10 

08 
10 
08 
10 
10 
08 
10 
10 
10 
10 

08 
10 
10 
10 
10 
12 
10 
10 
10 
10 

10 
12 
10 
12 
10 
10 
12 
10 
12 
12 


Tan. 


8.543084 
546691 
550268 

553817 
557336 
560828 

564291 
567727 

571 137 
574520 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


577877 
581208 

584514 
587795 
591051 
594283 
597492 
600677 
603839 
606978 

610094 

613189 
616262 

619313 
622343 

625352 
628340 
631308 
634256 
637184 

640093 
642982 

645853 
648704 

651537 

654352 

65714 

65992 

662689 

665433 

668160 
670870 

673563 
676239 
678900 

681544 
172 

784 
689381 
691963 

694529 
697081 
699617 
702139 
704646 
707140 
709618 
712083 

714534 
716972 

719396 


D.  I". 


60. 12 
59.62 

59-15 
58.65 
58.20 

57-72 

57.27 
56.85 

56.38 
55.95 

55.52 
55.10 
M.68 
54.27 
53.87 
53.48 
53.08 
52.70 
52.32 
51.93 

51.58 
51.22 
50.85 
50.50 

50.15 
49.80 

49-47 

49.13 
48.80 

48.43 

48.15 
47.85 
47.52 
47.22 
46.92 
46.62 
46.32 
46.02 

45.73 
45.45 

45.17 
44.88 
44.60 

44.35 
44.07 
43.80 

43.53 
43.28 

43.03 
42.77 

42-53 
42.27 
42.03 
41.78 

41.57 
41.30 
41.08 
40.85 
40.63 
40.40 


"■II 


Sin. 


\- 


Cot. 


1. 456916 

.453309 
.449732 
.446183 
.442664 
I. 439172 
.435709 
.432273 
.428863 
.425480 

I. 432123 

.418792 
.415486 
.412205 

.408949 

I. 405717 
.402508 

.399323 
.396161 

.393022 


1.359907 
.357018 

.354147 
.351296 
.348463 
1.345648 
.342851 
.340072 

.3373" 
.334567 

I. 331840 
.329130 

.326437 
.  323761 
.321100 
I. 318456 
.315828 
.313216 
.310619 
.308037 

I. 305471 
.302919 

.300383 
.297861 

.2955 


1.292 
.200382 
.287917 
.285466 
.  283038 

1.280604 


D.i".\\     Cot,     \"D.i".\      t%xi. 


zw 


Table  55.  —  Continued 

LOGARITHMIC   SINES,   COSINES,   TANGENTTS, 
AND  COTANGENTS 


176' 


Sin. 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


yi88oo 
721204 

723595 
725972 

72831 

73< 
733027 

735354 
737667 

739969 

742259 

7445 

7< 

749055 

751297 

753528 

755747 
757955 
700151 
762337 

7645" 
766675 

768828 
770970 
773101 
775223 
777333 
'9434 
1524 
783605 

^5675 
78773 
78978 
79182] 

793859 
795881 

797894 
799897 
801892 
803876 

805852 
807819 
809777 
81 1726 
813667 

815599 
817522 

819436 

821343* 
823240 

825130 
82701 I 
828884 
830749 
832607 

834456 
836297 
838130 
839956 
841774 
843585 


D.  X". 


40 

39 
39 
39 
39 
38 
38 

3? 
38 

38 

37 
37 
37 
37 

36 

36 
36 

36 
35 
35 
35 
35 
35 
35 
34 
34 
34 

34 
34 
34 
33 
33 
33 
33 
33 
33 
32 

32 
32 
32 
32 
32 
32 
31 
31 
31 
31 

31 
31 
31 
30 
30 
30 
30 
30 
30 
30 


07 

85 
62 

42 
18 

^ 
78 

55 

37 

17 

95 
77 
55 

37 
18 


60 

43 
23 

07 
88 
70 
52 
37 
17 

Q2 

83 

68 
50 

35 
18 

02 

85 
70 

55 
38 

25 

07 

93 
78 

% 

35 
20 

05 

9° 
78 
62 

50 

35 
22 

08 

^7 
82 

68 
55 
43 
30 
18 


C08. 


999404 
999398 
999391 
999384 
999378 
999371 
999364 
999357 
999350 
999343 

999336 

999329 
999322 

999315 
999308 
999301 

999294 
999287 

999279 
999272 

999265 
999257 
999250 
999242 
999235 
999227 
999220 
999212 

999205 
999197 

999189 
999181 

999174 
999166 

999158 
999150 
999142 

999134 
999126 

9991 18 

9991 10 
999102 


999077 
999069 
999061 
999053 
999044 
999036 

999027 
999019 
999010 

.  993 
998984 
998976 

998967 
998958 
998950 
998941 


Cob. 


1 '>■'"■  11 


Sin. 


D.  I". 


10 
12 
12 
10 
12 
12 
12 
12 
12 
12 

12. 

12 

12 

12 

12 

12 

12 

13 
12 

12 

13 
12 

13 
12 

13 
12 

13 
12 

13 
13 

13 
12 

13 
13 
13 
13 
13 
13 
13 
13 

13 
13 
13 
15 
13 
13 
13 
15 
13 
15 

13 
15 
13 
15 
15 
13 
15 
15 
13 
15 


Tan. 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


8 


D.  1 


// 


8 

11" 


719; 
7211 

724204 

726588 

728959 
731317 
733663 
735996 

738317 
740626 

742922 
745207 
747479 
749740 

751989 
754227 

756453 
758668 
760872 
763065 

765246 
767417 

769578 
771727 
773866 

775995 
7781 14 
780222 
782320 
784408 

786486 

788554 
790613 
792662 

794701 
796731 

752 

763 
802765 

804758 

806742 
808717 
810683 
812641 

814589 
816529 

818461 

820384 

822298 

824205 

826103 
827992 
829874 
831748 

833613 
835471 
837321 
839163 
840098 
842825 

Cot. 


D.  I". 


40.17 
39.97 
39.73 
39.52 
39.30 
39.10 

38.88 
38.68 
38.48 
38.27 

38.08 

37.87 
37.68 

37.48 
37.30 
37.10 
36.92 

36.73 
36.55 
36.35 

36.18 
36.02 
35.82 

35.65 
35.48 


33.*^ 


30.97 
30.83 

30.70 

30.58 

30.45 


"D.t 


Cot. 


X.  280604 

278194 
275796 
273412 
271041 
268683 
266337 
264004 
261683 
259374 
257078 

254793 
252521 
250260 
248011 

245773 

243547 
241332 

239128 
236935 

234754 

232583 
230422 

228273 

226134 

224005 

221886 

219778 

217680 

215592 

213514 
21 1446 

209387 
207338 
205299 
203269 
201248 
199237 

197235 
195242 

193258 
191283 

189317 
187359 
185411 

183471 

181539 
179616 
177702 

175795 

173897 
172008 
170126 
168252 
166387 
164529 
162679 
160837 
159002 


867 


Table  65.  —  Conlinved 

ANB    COTANGENTS 


8- S43535 
.845^7 
-847183 
.848971 
-650751 

B.  851515 

;  857801 


■?5°S57 
-851846 
8.853638 


.878J85 


ass 

(97841 
-S99431 


■9ft5 
«S78s 
,998776 
.998766 

9.998757 
■998747 
.998738 


.869351 
8.871064 
.873770 


.BS1S69 


.905.W0 


i93^    ' 


.9igo=J 


.998464 
9-998453 
■  99844a 
.W3l3i 
.9984=1 


'3 

,9210)6 


■:»S 


1.0S043J 


ZTT^ 


Table  55.  —  Continued 

LOGARITHMIC  SINES,   COSINES,   TANGEmB, 
AND  COTANGENTS 


174* 


:. 


Sin. 


8 


8 


8 


8 


8 


8 


8 


8 


8 


940296 

941738 

943174 
94^606 

940034 
947450 
948874 
950287 
951696 

953100 

954499 
955894 
957284 
958670 
960052 
961429 
962801 
964170 

965534 
966893 

968249 
969600 
970947 
972289 
973628 
974962 
976293 
977619 
978941 
980259 

981573 
982883 

984189 

985491 
986789 
988083 

989374 
990660 

991943 
993222 

994497 
995768 

997036 

998299 

999560 

000816 

002069 

003318 

004563 
005805 

007044 
008278 
009510 
010737 
011962 
013182 
014400 
015613 
016824 
01803 I 
019235 


D.  X 


// 


Cos. 


24.03 

23- 93 
23.87 
23.80 
23.70 
23.63 

23.55 
23.48 
23.40 
23.32 

23.25 
23.17 

23. 10 

23.03 

22.95 
22.87 
22.82 
22.73 
22.65 
22.60 

22.52 
22.45 
22.37 
22.32 
22.23 
22.18 
22. 10 
22.03 
21.97 
21.90 

21.83 

21.77 
21.70 

21.63 

21.57 
21.52 

21.43 
21.38 
21.32 
21.25 

21.18 
21.13 
21.05 
21.02 
20.93 
20.88 
20.82 
20.75 
20.70 
20.65 

20.57 

20.53 
20.45 

20.42 

20.33 
20.30 

20.22 

20.18 

20. 12 

20.07 


/ 


D.  I 


rr 


I 


Cos. 


D.I 


// 


9.998344 
998333 
998322 
99831 I 
998300 
998289 
998277 
998266 
998255 
998243 

998232 
998220 
998209 
998197 
998186 
998174 
998163 
998151 

998139 
998128 

9981 16 
998104 


998068 
998056 
998044 
998032 
998020 
998008 

997996 

997984 
997972 

997959 
997947 
997935 
997922 
997910 

997897 
997885 

997872 
997860 

997847 
997835 
997822 
997809 

997797 
997784 

997771 
997758 

997745 
997732 
997719 

997706 

997693 
997680 

997667 

997654 
997641 
997628 
997614 


Sin. 


.18 
.18 
.18 
.18 
.18 
.20 
.18 
.18 
.20 
.18 

.20 
.18 
.20 
.18 
.20 
.18 
.20 
.20 
.18 
.20 

.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

.20 
.20 
.22 
.20 
.20 
.22 
.20 
.22 
.20 
.22 

.20 
.22 
.20 
•22 
.22 
.20 
.22 
.22 
.22 
.22 

.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 

.23 


Tan. 


D.I 


// 


8 


8 


8 


8 


8 


8 


8 


8 


8 


941952 

943404 
944852 
946295 

947734 
949168 

950597 
952021 

953441 
954856 

956267 
957674 
959075 
960473 
961866 

963255 

964639 
966019 

^m 

970133 
971496 

972855 
974209 
975560 
976906 
978248 
979586 
980921 
982251 

983577 

984899 
986217 

987532 
988842 
990149 

991451 
992750 
994045 
995337 

996624 
997908 
999188 
000465 
001738 
003007 
004272 

005534 
006792 

008047 

009298 
010546 
01 1790 
013031 
014268 
015502 
016732 
017959 
019183 
020403 
021620 


24.20 

24.13 
24.05 
23.98 
23.90 
23.82 

23.73 
23.6 

23 
23.52 


% 


23.45 
23.35 
23.30 
23.22 

23.15 
23.07 

23.00 

22.92 

22.87 
22.78 

22.72 

22.65 

22.57 
22.53 

22.43 
22.37 
22.30 

22.25 
22.17 
22.10 

22.03 

21.97 
21.92 
21.83 
21.78 
21.70 
21.65 
21.58 
21.53 
21.45 

21.40 

21.33 
21.28 
21.22 
21.15 
21.08 
21.03 

20.97 
20.92 
20.85 

20.80 
20.73 
20.68 
20.62 

20.57 
20.50 

20.45 

20.40 

20.3, 

20 


Cot. 


z.  058048 
056596 
055148 

053705 
052266 
050832 
049403 
047979 
046559 
045144 

043733 

042326 

040925 
039527 
038134 
036745 
P3536I 
Q3398I 
032606 
031234 

029867 
028504 

027145 
025791 

024440 

023094 

021752 
020414 
019079 

017749 

016423 
OI5IOI 

013783 

012468 
OIII58 

009851 
008549 
007250 

005955 
004663 

003376 

002092 
000812 

•535 
262 

996993 
995728 
994466 
993208 

991953 

2 

454 
210 

986969 
985732 
984498 
983268 
982041 
980817 


60 

P 

57 
56 
55 
54 
53 
53 
51 

50 

45 
44 
43 
4a 
41 

40 

II 
% 

35 
34 
33 
3a 

3X 
30 

It 

36 

35 

34 

23 

33 
3X 

30 

\i 

x6 
15 

M 
Z3 

13 
XZ 

XO 

I 
I 

5 

4 
3 

3 


D.I".|\ 


Cot. 


36Q 


Table  55.  —  Continued 

LOGARITHMIC   SINES,   COSINES,   TANGENTS, 
AND   COTANGENTS 


173* 


M. 
o 

X 

a 
3 

4 

I 
I 


xo 

XX 
X3 
13 
14 
15 

x6 

x8 
19 
ao 

2X 

33 

33 

H 
37 

38 

39 
30 

31 
33 

33 
34 

37 
38 
39 

40 
41 
4a 
43 
44 

49 

50 
51 
5a 

53 
54 
55 
56 
57 
58 

59 
60 


Sin. 


/ 


019235 
020435 
021632 
022825 
024016 
025203 
026386 
027567 
028744 
029918 

031089 

032257 

033421 

034582 

035741 
036896 

038048 
039197 
040342 
041485 

042625 
043762 

044895 
046026 

047154 
048279 
049400 

050519 
051635 
052749 

053859 
054966 

056071 

057172 

058271 

059367 
060460 

061551 

062639 

063724 

064806 
065885 
066962 
068036 
069107 
070176 
071242 
072306 
073366 
074424 

075480 
076533 
077583 
078631 
079676 
080719 

081759 
082797 

083832 

084864 

085894 


D.  1". 


20.00 

9.88 

9.85 
9.78 
9.72 
9.68 
9.62 

9.57 
9.52 

9.47 
9.40 

9-35 
9.32 
9-25 
9.20 

9.15 
9.08 

9.05 
9.00 


8.85 
8.80 

8.75 
8.68 

8.65 
8.60 

8.57 
8.50 

8.45 
8.42 

8.35 
8.32 

8.27 

8.22 

8.18 

8.13 
8.08 
8.03 

7.98 

7-95 
7.90 

7.85 
7.82 

7.77 
7-73 
7.67 

7-63 
7.60 

7-55 

7.50 

7.47 
7.42 

7.38 
7-33 
7.30 

7-25 
7.20 
7.17 


Cos. 


p6* 


I     Coa.     j  D.   1".  II 


9.997614 
.997601 

.997588 

.997574 

997561 

997547 

.997534 

.997520 

.997507 
997493 

997480 
997466 
997452 
997439 
997425 
9974" 
997397 
997383 
997369 
997355 

997341 
997327 
997313 

997299 
997285 
997271 

997257 
997242 
997228 
997214 

997199 

997185 
997170 

997156 

997141 
997127 
997112 

997098 
997083 
997068 

997053 
997039 

997024 
997009 

996994 
996979 
996964 
996949 
996934 
996919 

996904 
996889 

996874 
996858 

996843 
996828 
996812 

996797 
996782 

996766 
996751 


Sin. 


D.  I". 


.22 
.22 

.23 
.22 

.23 
.22 

.23 
.22 

.23 
.22 

.23 

.23 
.22 

.23 
.23 
.23 
.23 
.23 
.23 
.23 

.23 
.23 
.23 
.23 
.23 

•  23 
.25 
.23 
•23 
.25 

.23 
•25 
.23 
.25 
.23 
.25 
.23 
.25 
.25 

•  25 

.23 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 

.25 
.25 

•  27 

•  25 

.25 
.27 

.25 
.25 
.27 
.25 


Tan. 


D.I 


tr 


021620 
022834 
024044 
025251 
026455 
027655 
028852 
030046 
031237 

032425 

033609 

034791 
035969 
037144 
038316 

039485 
040651 

041813 

042973 
044130 

045284 
046434 
047582 
048727 
049869 
051008 
052144 

053277 
054407 

055535 

056659 
057781 
058900 
060016 
061130 
062240 
063348 

064453 
065556 
066655 

067752 
068846 
069938 
071027 
072113 
073197 
074278 

075356 
076432 

077505 

078576 
079644 
080710 
081773 
082833 
083891 

084947 
086000 

087050 

088098 

089144 


D.  1". 


20.23 
20.17 

20.  13 
20.07 
20.00 

9.95 
9.90 

9.85 
9.80 

9.73 

9.70 
9.61 

9. 
9. 

9- 
9- 
9. 
9. 
9- 


.58 


43 
37 

28 
23 


.17 

!os 

8!  88 
8.83 
8,80 

8.73 

8.70 
8.65 
8,60 

8.57 
8.50 

8.47 
8.42 

8.38 
8.32 
8.28 

8.23 
8.20 
8.15 
8.10 
8.07 
8.02 

7.97 

7.93 
7.88 

7.85 

7.80 

7.77 
7.72 

7.67 
7.63 
7.60 

7.55 
7.50 
7.47 
7.43 


Cot. 


0.978380 

.977166 

.975956 

.974749 

973545 

972345 

^63 

.967575 

966391 
965209 

964031 
962856 
961684 

960515 
959349 
958187 
957027 

955870 

954716 
953566 
952418 

951273 
950131 
948092 

947856 
946723 
945593 
944465 

943341 
942319 
941100 

939984 
938870 
937760 
93665a 
935547 
934444 
933345 

933348 

931154 
930063 

928973 
927887 

936803 

925723 

924644 
933568 

923495 

931434 

920356 
919390 
9x8337 
917167 
916109 

915053 
914000 

912950 

91 1003 
910856 


Cot. 


\^.v-.\ 


T%xt. 


370 


Tabu:  55,  —  Conlinued 

LOQAKITHhiC    BINE.S,    COSINES, 
AND    COTAMOGNIfi 


:ga 


9-99*594 


■  996449 
9-996433 
-9964'? 
-9964" 

9- 996,151 


9.9116169 


■12 


WHS 


'.a^AiH 


is 


.ia4J4S 
1.125187 


995998 
995^ 


:W 


g 

n 


.139994 

.M*iSD 

'l4»S5 


-9959" 
.995894 
.99S8;6 
■  995859 
9-995841 

!995aoS 


.85587? 
.854956 
.854034! 


V-rA_ 


Table  55,  —  Continutd 

LOOABITHIIIC    BINBS, 
AND 


171- 


9-W5753 
-99S717 


:^  i 


.1.SSOS3 

■  1577™ 
.158569 


Its 


9.99Sjai 


■99537" 
■  995334 


■160457 

9- 161347 

:  164891 

!  164409 
.169184 


°:!i3 

.83159' 


Wi^ 


■995341 
9^  995303 


■173634 
9-174499 

.177084 
-iT7Wa 


,813776   i 


«l^  ; 


.1797=6 


IfTi 


. 189319 

1. 1903>S 


/-7^/^ 


■  9»«877 
•994857 
.994838 
9.994STS 
.994798 

.994759 


IjiS 


;^t!E31 


■809371 

^■SoS538 


.80157° 
.802747 


.>\ 


Table  55.  —  Continued 

LOGARITHMIC   SINES,    COSINES,   TANGENTS, 
AND   COTANGENTS 


170* 


[. 


Sin. 


194332 
195129 

195925 
196719 

1975" 
198302 
199091 
199879 
200666 
201451 

202234 
203017 

203797 
204577 
205354 
206131 
206906 
207679 
208452 
209222 

209992 
210760 
21 1526 
212291 

213055 
213818 

214579 

215338 
216097 

216854 

217609 
218363 
219116 
219868 
220618 
221367 
222115 
222861 
223606 
224349 

225092 

225833 
226573 
227311 
228048 
228784 
229518 
230252 
230984 
231715 

232444 
233172 

233899 
234625 
235349 
236073 
236795 
237515 
238235 

238953 
239670 


D.  I 


// 


Cos. 


9.994620 
.994600 
.994580 
.994560 
.994540 

9-994519 
.994499 
.994479 
.994459 
.994438 

9.994418 
.994398 
.994377 
.994357 
.994336 

9.994316 
.994295 
.994274 
.994254 
.994233 

9.994212 

.994191 
.994171 
.994150 
.994129 
9.994108 

.994087 
.994066 

.994045 
.994024 

9.994003 
.993982 
.993960 
.993939 
.993918 

9-993897 
•993875 
.993854 
.993832 
. 99381 1 

9-993789 
.993768 

.993746 
.993725 
.  993703 
9.993681 
.993660 

.993638 
. 993616 

.993594 

9-993572 
.993550 
.993528 
.993506 

.993484 
9. 993462 
.993440 
.993418 
.993396 
.993374 
9. 993351 


T 


Cob, 


D.I 


ff 


Sin. 


D.  I 


// 


33 
33 
33 
33 
35 
33 
33 
33 
35 
33 

33 
35 
33 
35 
33 
35 
35 
33 
35 
35 

35 
33 
35 
35 
35 
35 
35 
35 
35 
35 

35 
37 
35 
35 
35 
37 
35 
37 
35 
37 

35 
37 
35 
37 
37 
35 
37 
37 
37 
37 

37 
37 
37 
37 
37 
37 
37 
37 
37 
38 


Tan. 


D.  I 


// 


9- 199713 
.200529 

.201345 
.202159 
. 202971 
9. 203782 
. 204592 
.205400 
.206207 
.207013 

9. 207817 
.208619 
.209420 
.210220 
.211018 

9.211815 
.212611 

.213405 
.214198 

.214989 

9. 215780 
.216568 
.217356 
.218142 
.218926 

9.219710 
. 220492 
.221272 
. 222052 
. 222830 

9. 223607 
. 224382 
.225156 
.225929 
. 226700 

9.227471 
. 228239 
.229007 
.229773 
.230539 

9, 231302 
. 232065 
. 232826 
.233586 

-234345 

9- 235103 

.235859 

.236614 

. 237368 
.238120 

9. 238872 
. 239622 
.240371 
.241118 
.241865 

9.242610 

.243354 
.244097 

.244839 

.245579 
9.246319 

Cot. 


D.  1 


// 


3.60 
3.60 

3.57 
3.53 
3.52 
3.50 
3.47 
3.45 
3.43 
3.40 

3.37 
3.35 
3.33 
3.30 
3.28 

3.27 
3.23 
3.22 
3.18 
3.18 


13 
13 
10 

07 
07 

03 
00 
00 
2.97 
2.95 
2.92 

2)85 
2.85 
2.80 
2.80 

2.77 
2.77 

2.72 

2.72 
2.68 
2.67 
2.65 
2.63 
2.60 
2.58 
2.57 
2.53 
2.53 

2.50 

2.48 

2.45 
2.45 
2.42 
2.40 
2.38 
2.37 


Cot. 


0.800287 

799471 
798655 
797841 
, 797029 

, 796218 
795408 
,794600 

793793 
.792987 

792183 
791381 
790580 
789780 
788982 
788185 

787389 
786595 
785802 

78501 I 

784220 

783432 
782644 
781858 
781074 
780290 
779508 
778728 

777948 
777170 

776393 
775618 

774844 
774071 
773300 
772529 
771761 

770993 
770227 

769461 

768698 

767935 
767174 

766414 
765655 
764897 
764141 

763386 
762632 
761880 

761128 

760378 

759629 
758882 

758135 

757390 
756646 

755903 


60 


57 
56 
55 
54 
53 
53 
51 

50 

47 
46 
45 
44 
43 
4a 
41 

40 

II 

37 
36 
35 
34 
33 
3a 

3X 
30 

a6 
as 
34 
23 
aa 
ax 

ao 

17 
x6 

15 
14 
Z3 
xa 

IX 

xo 

\ 

7 
6 

5 
4 
3 


.^^i^- 


Table  55.  —  Contirated 

LOGAMTBUIC  SINES,   COSINES,   TANQENTO, 
AMD    COTANGENTS 


M. 

Sin. 

»■■"■ 

... 

».,". 

T... 

...'. 

=... 

' 

Sl^ 

ill 

993351 

■  37 

1 

9.146319 

i  347794 

""S         " 

753681 

7SI105 

6i> 

ii 

ill  ' 

1..78 

993J84 

993>6> 

:as 

":i3 

?s 

% 

993^40 

9,349998 

7SO0O1 

^^ 

:S£ 

laiiB 

S 

^ 

9931 7» 
993149 

.15J191 
.I5'9K> 

i^p 

747080 

i 

9.^3648 

7449™ 

50 

JJ 

^t^ 

1' 

993^ 

iiJSl" 

":lo 

3 

13 

»49SS3 

SS 

.156547 

!i:^ 

744176 

S 

!1 

' 

Si 

':ik 

nigs 

pi 

4S 
43 

iB 

>S3<*7 

11.57 

9^? 

:ais 

jE 

4) 

2 

9 

>5376' 

Jl""     9 

IS 

1 

1 

':S 

ii:i 

11.B7 

ii  " 

!|g 

% 

■4 

n 

' 

IS 

99'759 
99J736 
99*713 

'i 

Us 

734.S3 

1 

n 

I599SI 

!1:^ 

99*69'' 

:rf:7^65 

so 
3" 

' 

»M33 

161314 
161994 

99rf« 
W=643 

■3» 

.a5M7s 

"'3  ° 

73»M 

3D 

3 

31 

16J673 

11-30 

1  ° 

71991 

ii 

.4 

S 

5 

^64027 
a647<q 

99^575 

'^0 

':i?S 

% 

3" 

"ip 

II 

.17=876 

.'73573 

736417 

w 

39 

«5673j 

.574^69 

ii^ss 

71573' 

^0 

9 

«J4 

1117         9- 

ii 

:% 

:|| 

J..57      " 

715036 

ii 

43 

gg 

ii:.2 

^"77734 

7^ 

s 

S 

9 

ii!^         9 

s 

3 

9.378414 

ii:|   - 

W 

11 

s 

J733S3 

ii:i 

9?»63 
99HI4 

.IS. 174 

ii:l 

7»i99 

'i 

so 

1 

9 

'7S367 

p     ' 

99„4J 

:t 

9.=8.gsS 

.181541 

11.   7 
11-35 

71S141 

1 

is 

'""93 

?^1 

'.i,t 

'f^k 

'laa^ 

j 

1 

9 

10,90     9 

1!  , 

991069 

9:185168 

iiiiS 

7i473> 

(,. 

P 

99»44 

IS 

-41 

.18730. 

Jig 

i 

\i^ 


Table  55. 
looakithuic  8imb8, 

AND  COTANi 


Continued 

TAXQtaiTB, 


.181897 

185114 


391768 


.J946S4 

.196677 


9.30!|5i 
.303361 


";»• 


.703983    . 
.705316    . 


0.6980,9  . 
. 697393 
■mis? 


^^ 


9-301748 
.303364 
.303979 

.305107 
-.W7650 

.309474 


9-308463 
.309754 

■3'0399 
9: 3! 16^5 

.313WS 

3'*H7 
31488; 

31679; 


.685753  i 

0.685115     : 
.684477 
.683841 
.683105 


7~s^° 


■ii  ''°'-  \°--\ 


—  Continued 

cos  IN  EH,   TAMGBNTB, 


ifiT* 


■990=43 


■.■m 


■  3Ji3»9 
9. 331478 

■  3336*4 


9.338176 
■  33874" 

^339871 


■  34|3S3 
i347MS 


■''57M5 
D. 657243 
.650*43 
.656042     , 
■65544>     ; 
.654843     , 

.653051 


■  346024 
9.346579 

ill 


-35873' 


.6«773 

.643602 

.6<ij59 
.640687 

'395* 

a 

■637790 


1T 


Table  55.  —  Conlinued 

ES,    COSIMBS,   TAMGENTB, 


9.9BS724 
.988636 


ss 


0.S33763     i 


.JSS603 


.361356 
9.361889 
.363413 


■  370™ 
.371367 

9-371933 

■  37^499 


s^l; 


.36*604 


"'.^^    : 


9.37SS77 
■379089 
.379601 


.98761! 
.987588 
.987557 


.987401 
9.98737' 
.987341 


i'^^. 


.381466 
■^575 


9.388631 
.389178 


1617^ 


0.608640 


'_  9-383675  ___ 


\^j^    "■^^'^. 


CO..     \^.V-\ 


14' 


Table  55.  —  Continued 

LOGARITHMIC   SINES,   COSINES,   TANGENTS, 
AND   COTANGENTS 


i6s^ 


M.   Sin. 


383675 
384182 

384687 
385192 
385697 
386201 
386704 
387207 
387709 
388310 

38871 I 
38921 I 
38971 I 
390210 
390708 
391206 

391703 
392199 

392695 
393 191 

393685 
394179 
394673 
395166 

395658 
396150 
396641 
397132 
397621 
3981 I I 

398600 
399088 

399575 
400062 

400549 
401035 
401520 
402005 
402489 
402972 

403455 
403938 
404420 
404901 
405382 
405862 
406341 
406820 
407299 

407777 

408254 
408731 
409207 
409682 

410157 
410632 
411106 

411579 
412052 

412524 
9. 413996 

Coa. 


D.  1 


// 


Cos. 


D.  1 


// 


9.986904 
986873 
986841 
986809 
986778 

986746 
986714 
986683 
986651 
986619 

986587 
986555 
986523 
986491 

986459 
986427 

986395 
986363 

986331 
986299 

986266 
986234 
986202 
986169 
986137 
986104 
986072 
986039 
986007 
985974 

985942 
985909 
985876 
985843 
985811 
985778 

985745 
985712 

985679 
985646 

985613 
985580 

985547 
985514 
985480 

985447 
985414 
985381 
985347 
985314 

985280 
985247 

985213 
985180 

985146 

985113 

985079 

985045 
98501 I 

984978 
984944 


D.  I 


// 


Sin. 


52 
53 
53 
52 
53 
53 
52 
53 
53 
53 

53 
53 
53 
53 
53 
53 
53 
53 
53 
55 

53 
53 
55 
53 
55 
53 
55 
53 
55 
53 

55 
55 
55 
53 
55 
55 
55 
55 
55 
55 

55 
55 
55 
57 
55 
55 
55 
57 
55 
57 

55 
57 
55 
57 
55 
57 
57 
57 
55 
57 


D.  1 


n 


Tan. 


396771 
397309 
397846 

398383 
398919 

399455 
399990 
400524 
401058 
401591 

402 I2d 
402656 
403187 
403718 

404249 
404778 
405308 
405836 
406364 
406892 

407419 

407945 
408471 

408996 

409521 
410045 
410569 
4IIO92 
411615 
412I37 

412658 
413179 

413699 
4142IO 

414738 
415257 
415775 
416293 
41681O 
417326 

417842 

418558 
418873 

419387 
4199OI 

420415 
420927 
421440 

421952 
422463 

422974 
423484 

423993 
424503 
42501 I 

425519 
426027 

426534 
427041 

427547 
^28052 

Cot. 


D.  I 


// 


8.97 
8.95 
8.95 
8.93 

8.93 
8.92 

8.90 

8.Q0 

8!  88 

8.87 
8.85 
8.85 
8.85 
8.82 
8.83 
8.80 
8.80 
8.80 
8.78 

8.77 

8.77 

8.75 

8.75 

8.73- 

8.73 
8.72 

8.72 

8.70 

8.68 

8.68 
8.67 
8.67 
8.65 
8.65 
8.63 
8.63 
8.62 
8.60 
8.60 

8.60 
8.58 
8.57 
8.57 
8.57 
8.53 
8.55 
8.53 
8.52 
8.52 

8.50 
8.48 
8.50 

8.47 
8.47 

8.47 

8.45 

8.45 

8.43 
8.42 


Cot. 


T>.i' 


M 


o. 603229 
602691 
602154 
60I6I7 
60I08Z 

60Q545 
600010 

599476 
5WJ3 

598409 
597876 

596282 

595751 
595222 

594^ 
594« 
59362^ 
593108 


587342 
586821 
586301 

585781 
585262 

584743 
584225 

583707 
583190 
582674 

582158 
581642 
581 127 
580613 
580099 

579585 
579073 
578560 
578048 
577537 

577026 
576516 
576007 

575497 
574989 
574481 
573973 
573466 

573959 
572453 
57x9^ 


Trnii. 


■\s:n 


10^ 


a7» 


IS' 


Table  65.  —  Coniinued 

LOGARITHMIC   SINES,    COSINES,   TANGENTS, 
AND   COTANGENTS 


164' 


M. 


o 

X 
9 

3 


4 


xo 
zz 
za 
X3 
X4 

II 
\l 

X9 

so 
ax 
aa 
as 

a4 

U 

% 

ag 

30 
31 
3a 

33 
34 

ii 
IS 

39 

40 
41 
4a 
43 
44 

49 

50 
5X 
5a 
53 
54 


S 


Sin. 


/ 


9.412996 

.413467 

.413938 

414408 

,414878 

415347 

.41^15 
.416283 

.416751 
.417217 

417684 
418150 
418615 

419079 
419544 
420007 

420470 

4»933 
421395 
421857 

422318 

422778 

423238 

423697 
424156 

424615 

425073 
425530 

425987 
426443 

426899 

427354 
427809 

428263 

428717 
429170 

429623 
430075 
430527 
430978 

431429 
431879 
432329 
432778 
433226 

433675 
434122 

434569 
435016 
435462 

435908 
430353 
436798 
437242 
437686 

438129 
438572 
439014 
439456 
439897 
■  440330 

Com, 


D.  I". 


7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

7 

7 

7. 

7. 

7 

7 

7 

7 

7 

7 

7. 
7. 
7. 
7. 
7- 
7. 
7. 
7. 
7. 
7- 

7- 
7. 

7 
7 
7. 
7- 

7- 
7. 
7 
7 

7 

7 

7 

7 

7. 

7. 

7. 

7- 

7. 

7. 

D.I' 


Cos. 


9.984944 
.984910 
.984876 
,984842 
.984808 

.984774 
.984740 
.984706 
.984672 

.984638 

984603 

984569 

984535 
984500 

984466 
984432 
984397 
984363 
984328 

9842554 

984259 
984224 

934190 

984155 
984120 

984085 

984050 

984015 

983981 

983946 

9839" 
983875 
983840 
983805 
983770 

983735 
983700 

983664 
983629 

983594 

983558 
983523 
983487 
983452 
983416 

983381 
983345 
983309 
983273 
983238 

983202 
983166 
983130 
983094 

983058 
983022 
982986 
982950 
982014 
982878 
982842 

Sin. 


D.  I". 


Tan. 


57 
57 
57 
57 
57 
57 
57 
57 
57 
58 

57 
57 
58 
57 
57 
58 
57 
58 
57 
58 

58 
57 
58 
58 
58 
58 
58 
57 
58 
58 

60 
58 
58 
58 
58 
58 
60 

58 
58 
60 

58 
60 

58 
60 

58 
60 
60 
60 

58 
60 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 


D.  1' 


\\ 


9. 428052 
428558 

429062 

429566 
430070 
430573 
431075 
431577 
432079 
432580 

433080 
433580 
434080 

434579 
435078 
435576 
436073 
436570 
437067 
437563 

438059 
438554 
439048 

439543 
440036 

440529 
441022 

441514 
442006 

442497 

442988 

443479 
443968 

444458 
444947 
445435 
445923 
446411 
446898 
447384 
447870 

448356 
448841 
449326 
449810 

450294 

450777 
451260 

451743 
452225 

452706 

453187 
453668 
454148 
454628 

455107 
455586 
456064 
456542 
4570^9 
9.457496 


D.  X". 


Cot, 


8.43 
8.40 

8.40 

8.40 

8.38 

8.37 

8.37 

8.37 

8.35 

8.33 

8.33 

8.33 
8.32 

8.32 
8.30 
8.28 
8.28 
8.28 
8.27 
8.27 

8.25 
8.23 
8.25 
8.22 
8.22 
8.22 
8.20 
8.20 
8.18 
8.18 

8.18 
8.15 
8.17 
8.15 
8.13 
8.13 
8.13 
8.12 
8.10 
8.10 

8.10 
8.08 
8.08 
8.07 
8.07 
8.05 
8.05 
8.05 
8.03 
8.02 

8.02 
8.02 
8.00 
8.00 
7.98 
7.98 
7.97 
7.97 
1.9!> 

13.  V 


Cot. 


0.571948 
.571442 
.570938 
.570434 
.569930 

0.569427 

! 568423 

.567921 
.567420 

0.566920 
.566420 
.565920 
.565421 
.564922 

0.564424 

.563927 
.563430 
.562933 
.562437 

0.561941 
.561446 
.560952 
.560457 
.559964 

o.  5^471 

;5§486 
.557994 
.557503 

0.557012 
.556521 
.556032 
.555542 
•555053 

0.554565 

.554077 

.553589 
.553102 

.552616 

0.552130 
.551644 
.551159 
.550674 
.550190 

0.549706 
.549223 
.548740 
.548257 
.547775 

0.547294 
.546813 
.546332 
.545852 
.545372 

o.  544893 
.544414 
. 543936 
•  S'Vi'V^ 


60 

li 
% 

55 
54 
53 
52 
51 

50 

47 
46 
45 
44 
43 
42 
4? 


37 
36 
35 
34 
33 
3a 

31 
30 

;i 

a7 
a6 

as 

a4 
as 

22 

ax 

ao 

:§ 

17 
x6 

15 
14 
13 
xa 
xz 

xo 

\ 

7 
6 

5 

4 
3 


V^ 


Table  66.  —  Contttvued 

LOaABITBMIC   SINES,   COSINES,   TAMOENTB, 
AND  COTANOENTB 


.466477 

'iiii 

:»! 

S.  469160 

.469745 


. 484135 
,484867 


Vh. 


Table  55.  —  Continv£d 

LOOAIUTUUIC  iRlNBS,  COHLNES,   TANGENTS, 
AND   COTANCENTa 


.46^27 
■  469637 
9.470046 


:^^ 


.488493 

.4»6911 
.489390 


■  4K730 

!  476536 
.476938 


-979973 

-979895 
■  979S55 


.496073 
.496957 


I      ■^^' 


.500043 
.5^1 


0.501278 
.500837 
.500397 


.48*414 
.488814 
.489104 


■97S777 
■  978737 
.978696 


■  978574 
-97B533 

■  976493 


.50398" 
.504418 
■  504854 


9. 507460 

i5^,iii 


:ij\_ 


Table  55. 
looarithuic  8inb6 

and  cotangents 


Conlinved 

TANGENTS, 


M. 

s... 

...... 

. 

T„.       .. 

:o. 

"^ 

9  4§«82 

6.4S 

9,97S«6           6s 

9.5"776        , 

0 

488-^ 

to 

\ 

Si? 

.978165     -s 

.97Sto33          -g 

.  ti6«        ; 

-  13064      ; 

J5 

II 

9-97*«ll          -^ 

486507 

S 

9 

486079 

IS 

G 

:SIS   ;[. 

^977835     -g 

■  1*^'      ; 

43565' 

54 

I 
9 

493466 

11 

'.fi^L      ; 

I2 

sl 

Sl 

ID 

9 

4W8ST 
»94!j6 

6,41 

II 

9.97779*     ' 

"■.&      I 

.2           " 

» 

i 

4946" 

.5.69.0      ,' 

i 

482239 

■i 

IM??' 

9.9775S6    -^s 
'977M     -^ 

4fl.SM 

45 

i3 

>7 

4961SI 
49*537 

If 

.518610         ; 

07 

sm 

44 

i8 

496919 

:97746l         -^ 

.977419    :5^ 

480541 

40 

>9 

497301 

6-35 

4B0118 

so 

' 

498444 

S| 

':S    ' 

s  " 

■1796M 

40 

93 

498855 

«:" 

-5J1573       : 

478*17 

M 

.S'1995         , 

47S005 

S 

4995S4 

477583 

^'■s^ll    ; 

47yi&. 

34 

IS 

»9 

500J4! 

6^2 

■977083      ;5^ 
-976999      ;5^ 

.514™        . 

« 

476320 

3» 

31 

50147* 

9.976957      'jj 

:i  1 

9-5»45»        , 

475480 

3D 

34 

IS 

502984 

■  5I49W        j 

98 

475060 
47464^ 

n 

% 

ii 

503360 

9.S>^%        1 

97         " 

*s 

503735 

s  1 

■4 

S 

504110 
5044B5 

<'i 

;i  i 

95 

47^49 

» 

39 

SMa6o 

-976574     ;fo 

40 
4« 

9 

15! 

50«3S4 
S06737 

I'll 

^gTfijsi        ■'' 

9.526702    , 

.5"9"9         1 

95        ° 

S 

s 

6:« 

iiS  i 

91 

SS 

.'i 

i 

9 

5070W 

6." 

9.9763.S      ;^ 

9.53^     ' 

:M'.6it    ; 

92        " 

ss 

■i 

» 

IS 

6.U 

:!?6?K    ■'" 

90 

468389 
467975 

a 

49 

soasas 

6!lB 

■53"M9        6 

46756. 

so 

508956 

9.976103    '„ 

':gSS    J 

-533679        , 

86        ° 

467147 

^ 

Ii 

.976060    ■'' 

■976017     ;,; 

gs 

i 

Sioof^S 

1" 

i 

S4 

It 

9 

lis 

6!  is 

'i^ai*    -y-i 

.534504    ! 

^5353^8         [ 

46467' 

1 

J, 

511540 

lil. 

■  975B00      [^l 
9. 975670      ■'* 

9-5i6912        * 

4S4J61 

i 

D.  ]".;■; 

Sin.          D.I". 

\  ■="■  \- 

"^r 

T«.      \-«..\ 

19' 


Table  55.  —  Continued 

LOGARITHMIC   SINES,   COSINES,   TANGENTS, 
AND   COTANGENTS 


i6o 


M. 


o 
I 
a 

3 

4 

i 

I 

9 

lo 
II 

19 

X3 
«4 

\i 

X9 

90 

ai 
aa 
as 

M 

ai 


ag 

30 
3X 
sa 

33 
34 


39 

40 
4» 
4a 
43 
44 

:i 
IS 

49 

50 
5X 
5a 

53 
54 


g 


op 


Sin. 


512642 

513009 
513375 
513741 
514107 
514472 
514837 
515202 
515566 
515930 
516294 

516^7 
517020 

517382 
517745 
510107 
518468 
518829 

519190 
519551 

5199" 
520271 

520631 

520990 

521349 
521707 
522066 
522424 
522781 
523138 

523495 
523852 
524208 

524564 
524920 

525275 
525630 

525984 
526339 
526693 

527046 
527400 

527753 
528105 

528458 

528810 

529161 

529864 
530215 

530565 

530935 
531265 

531614 
531963 
532312 
532661 

533009 
533357 
533704 
534052 

Cob. 


D.  I". 


6.12 
6.10 
6.10 
6.10 
6.08 
608 
6.08 
6.07 
6.07 
6.07 

6.05 
6.05 
6.03 
6.05 
6.03 
6.02 
6.02 
6.02 
6.02 
6.00 

6.00 
6.00 
5.98 
5.98 
5.97 
5.98 
5.97 
5.95 
5.95 
5.95 

5.95 
5.93 
5.93 
5.93 
5.92 
5.92 
5.90 
5.92 

5.88 
5.90 


5.88 
5.87 
5.88 
5.87 
5.85 
5.87 
5.85 
5-85 
5.83 

5-83 


83 
82 

82 

82 

82 


Cos. 


5- 80 
5.80 
5.78 
5.80 


7  ^-  '"•  //■ 


9.975670 
.975627 
.975583 
.975539 
.975496 
975452 
.975408 

.975365 
.975321 
.975277 

975233 
975189 

975145 
975101 

975057 
975013 
974969 

974925 
974880 

974836 

974792 
974748 

974703 
974659 
974614 
974570 

974525 
974481 

974436 

974391 

974347 
974302 

974257 
974212 
974167 
974122 

974077 
974032 
973987 
973942 

973897 
973852 
973807 
973761 
973716 
973671 

973625 
973580 
973535 
973489 

973444 
973398 
973352 

973307 
973261 

973215 
973169 

973124 
973078 
973032 
972986 

Sin. 


D.  i". 


.72 

9^ 

.73 

.73 

.72 

.73 
.73 

9^ 

.72 

.73 

.73 

.73 

.73 

9^ 

.73 

.73 

.73 

.73 
.73 

9- 

.73 

.75 

.73 

.73 

.73 

9. 

.75 

.73 

.75 

.73 
.75 

9^ 

.73 

.75 

.75 

.73 

.75 

9^ 

.75 

.75 

.75 

.75 

.75 

9« 

.75 

.75 

.75 

•  75 

.75 

9^ 

.75 

.77 

.75 

.75 
.77 

9- 

.75 

.75 

.77 

•75 

•  77 

9- 

.77 

•  75 

.77 

r 
1 

.77 
.77 

1         • 
9. 

•75 

•77 

•77 

.77 

9- 

Tan. 


D.  1 


"•,\ 


,536972 

.537382 

.537792 
,538202 

.538611 
539020 

.539429 
.539837 
.540245 

540653 

,541061 
,541468 

541875 
542281 

,542688 
543094 
543499 
543905 
544310 

544715 

.545119 
.545524 
.545928 

.546331 
.546735 
.547138 
.547540 
.547943 
.548345 
.548747 

.549M9 

.549550 

.549951 

.550352 

550752 

551 153 

551552 

.55195a 

.552351 

552750 

553149 
.553548 

553946 
.554344 
.554741 

555139 
.555536 

.555933 
.556329 
.556725 

557121 
.557517 

.557913 
.558308 

.558703 

559097 

.559491 

.559885 

, 560279 

560673 

561066 

Cot. 


D.  I". 


6.83 
6.83 
6.83 
6.82 
6.82 
6.82 
6.80 
6.80 
6.80 
6.80 

6.78 
6.78 

6.77 
6.78 

6.77 
6.75 
6.77 
6.75 
6.75 
6.73 

6.75 

6^73 
6.72 

6.73 
6.72 
6.70 
6.72 
6.70 
6.70 
6.70 

6.68 
6.68 
6.68 
6.67 
6.68 
6.65 
6.67 
6.65 
6.65 
6.65 

6.65 
6.63 
6.63 
6.62 
6.63 
6.62 
6.62 
6.60 
6.60 
6.60 

6.60 
6.60 
6.58 
6.58 
6.57 
6.57 
6.57 
6.57 
6.57 
6.5s 

"D.V 


Cot. 


o.  463028 
462618 
462208 
461798 
461389 
460980 
460571 
460163 

459755 
459347 

458939 
458532 
458125 

457719 
457312 
456906 
456501 
456095 
455690 
455285 

454881 
454476 
454072 
453669 
453265 
452862 
452460 
452057 
451655 
451253 

450851 
450450 
450049 
449648 
449248 
448847 
448448 
448048 

447649 
447250 

446851 
446452 
446054 
445656 

445259 
444861 

444464 
444067 
443671 
443275 

442879 
442483 

442087 

441692 

441297 

440903 

440509 
4401 15 

439721 
43.93.21 


383 


20^ 


M. 


o 
3 


I 


zo 
zz 

13 
13 

;i 

17 
z8 

19 

30 

az 

32 

33 

24 

35 
3 

39 


I 


3d 

31 
33 

33 
34 

U 
% 

39 

40 
41 
4» 
43 
44 

49 

50 
51 
5* 
53 
54 


S 


Sin. 


9-534052 
.534399 
•534745 
.535092 
.535438 
.535783 
.536129 

536474 
.536818 

.537163 

537507 
537851 
538194 
538538 
538880 

539223 
539565 
539907 
540249 
540590 

540931 
541272 

541613 
541953 
542293 
542632 

542971 
543310 

543649 
543987 

544325 
544663 
545000 

545338 
545674 
54601 I 

546347 
546683 

547019 
547354 

547689 
548024 

548359 
548693 
549027 
549360 

549693 
550026 

550359 
550692 

551024 
551356 
551687 
552018 

552349 
552680 

553010 

553341 
553670 
554000 

554329 


z. 


f 


Cos. 


Table  55.  —  CorUtnued 

LOGARITHMIC   SINES,   COSINES,   TANGENTS, 
AND    COTANGENTS 


IS«^ 


D.  I". 


5.78 
5.77 
78 
77 
75 
77 
75 
73 


5.75 
5.73 

5.73 
5.72 
5-73 
5.70 
5-72 
5-70 
5.70 
5-70 
5.68 
5.68 

5.68 
5.68 
5.67 
5.67 
5.65 
5.65 
5.65 
5.65 
5-63 
5.63 

5-63 
5.62 

5.63 
5- 60 
5.62 
5.60 
5.60 
5.60 
5.58 
5.58 


58 
58 
57 
57 
55 
5.55 
5.55 
5-55 
5.55 
5.53 


5. 
5. 
5. 
5. 
5- 
5- 
5- 


53 
52 
52 
52 
52 
50 
52 
5.48 
5.50 
5.48 


/^' 


Cos. 


9.972986 
972940 
972894 
972848 
972802 

972755 
972709 
972663 
972617 
972570 

972524 
972478 
972431 
972385 
972338 
972291 

972245 
972198 

972151 
9721.05 

972058 
97201 I 
971964 
971Q17 
971870 
971823 

971776 
971729 
971682 
971635 

971588 
971540 
971493 
971446 
971398 
971351 
971303 
971256 
971208 
971 161 

971113 
971066 
971018 

970970 
970922 
970874 
970827 
970779 
970731 
970683 

970655 
970586 
970538 
970490 
970442 
970394 
970345 
970297 
970249 
970200 
970152 

Sin, 


D.  I 


// 


.77 
.77 
.77 

:^ 

.77 
.77 
.77 
.78 
.77 

.77 
.78 
.77 
.78 
.78 
.77 
.78 
.78 
.77 
.78 

.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 

.80 
.78 
.78 
.80 

.78 
.80 

.78 
.80 

.78 
.80 

.78 
.80 
.80 
.80 
.80 

.78 
.80 
.80 
.80 
.80 

.82 
.80 
.80 
.80 
.80 
.82 
.80 
.80 
.82 
.80 


Tan. 


rt 


D.  1 


384 


9.561066 

561459 
561851 
562244 
562636 
563028 

563419 
56381 I 
564202 

564593 

564983 
565373 
565763 
566153 
566542 
566932 
567320 

567709 
568098 
568486 

568873 
569261 
569648 
570035 
570422 
570809 
571195 
571581 
571967 
572352 

572738 
573123 
573507 
573892 
574276 
574660 

575044 
575427 
575810 

576193 

576576 
576959 
577341 

577723 
578104 
578486 
578867 
579248 
579629 
580009 

580389 
580769 

581149 
581528 

581907 
582286 
582665 

583044 
583422 
583800 

584177 
Cot. 


D.  I". 


6.55 

6.53 

6.55 

6.53 

6.53 
6.52 

6.53 
6.52 

6.52 
6.50 

6.50 
6.50 
6.50 
6.48 
6.50 

6.47 
6.48 
6.48 
6.47 
6.45 

6.47 

6.45 

6.45 

6.45 

6.45 

6.43 

6.43 

6.43 
6.42 

6.43 

6.42 
6.40 
6.42 
6.40 
6.40 
6.40 
6.38 
6.38 
6.38 
6.38 

6.38 
6.37 
6.37 
6.35 
6.37 
6.35 
6.35 
6.35 
6.33 
6.33 

6.33 

6.33 
6.32 
6.32 
6.32 
6.32 
6.32 
6.30 
6.30 
6.28 


Cot. 


13.  V 


tt 


\ 


0.438934 
438541 
438149 
437756 
437364 
436972 
436581 
436Z89 

435798 
435407 

435017 
434627 

434237 
433847 
433458 
433068 
432680 

432291 
431902 

431514 

431127 
430739 
430352 
429965 
429578 

429191 
428805 

428419 

428033 

427648 

427262 
426877 
426493 
426108 

425724 
425340 
424956 

424573 
424190 
423807 

423424 
423041 
422659 
422277 
421896 
421514 

421133 
420752 

420371 

419991 

41961Z 

419231 
418851 

418472 
418093 

417714 
417335 
416956 
416578 
416200 
415823 


2I< 


Table  55.  —  Continued 

LOGARITHMIC  SINES,   COSINES,  TANGENTS, 
AND   COTANGENTS 


158^ 


M. 


o 

X 

a 
3 
4 
5 
6 

i 


xo 

XX 

xa 
Z3 

X4 

\i 

Z9 

ao 
ax 
aa 
as 

84 

ag 

30 
3X 
3a 

33 
34 


39 

40 
41 
4a 
43 
44 

% 

49 

50 
51 
5a 
53 

54 


Sin. 


5543- 

5546; 

554987 

555315 

555643 

555971 

556299 

556626 

556953 
557380 


LI 


560855 
561 178 

561501 
56182A 

562140 
562468 
562790 
563112 
563433 
563755 

564075 
564396 
564716 

565036 
565356 
565676 
565995 
566314 
566632 

566951 

567269 
567587 
567904 
568222 

568539 
568856 

569172 

569488 

569804 
570120 

570435 
570751 
571066 
571380 
571695 
572009 

572323 
572636 

572950 

573263 

573575 

Coa, 


D.  1". 


48 
48 
47 
47 
47 
47 
45 
45 
45 
43 

43 
43 
42 
43 
42 
40 

42 
40 

40 
40 

38 
38 
38 
37 
37 
37 
37 
35 
37 
33 

35 
33 
33 
33 
33 
32 
32 
30 
32 
30 

30 

28 

30 

28 
28 
27 
27 
27 
27 

25 

27 

25 

23 

25 

23 

23 
22 

23 
22 
20 


Cos. 


7 a  I".// 


970152 
970103 
97005$ 
970006 

969957 

969909 
969860 

96981 1 

969762 

969714 

969665 
969616 
969567 
969518 
969469 
969420 
969370 

969321 
969272 
969223 

969173 
969124 

969075 
969025 
968976 
968926 
968877 
968827 

968777 
968728 

968678 
968628 
968578 
968528 
968479 
968429 
968379 
968320 
968278 
968228 

968178 
968128 
968078 
968027 
967977 
967927 
967876 
967826 

967775 
967725 

967674 
967624 

967573 
967522 
967471 
967421 
967370 

967319 
967268 
967217 
967166 


Sin. 


D.  I". 


.82 
.80 
.82 
.82 
.80 
.82 
.82 
.82 
.80 
.82 

.82 
.82 
.82 
.82 
.82 

.83 
.82 

.82 
.82 
.83 

.82 
.82 

.83 
.82 

.83 
.82 

.83 
.83 
.82 

.83 

.83 
.83 
.83 
.82 

.83 
.83 
.83 
.85 
.83 
.83 

.83 
.83 
.85 
.83 
.83 
.85 
.83 
.85 
.83 
.85 

.83 
.85 
.85 
.85 
.83 
.85 
.85 
.85 
.85 
.85 

D.  I", 


Tan. 


584177 
584555 
584932 

585309 
585686 
586062 

586439 
586815 

587190 
587566 

587941 
588316 
588691 
589066 
589440 

589814 
590188 

590562 

5909 

5913 

59>68i 

592054 
592426 

592799 
593171 
593542 

593914 
594285 

594656 
595027 

595398 
595768 

596138 
596508 

596878 

597247 
597616 

597985 

598354 
598722 

599091 

599459 
599827 
600194 
600562 
600929 
601296 
601663 
602029 
602395 

602761 
603127 

603493 
603858 
604223 
604588 

604953 
605317 
605682 
606046 
606410 

Cot. 


D.I 


// 


6.30 
6.28 
6.28 
6.28 
6.27 
6.28 
6.27 
6.25 
6.27 
6.25 

6.25 
6.25 
6.25 
6.23 
6.23 
6.23 
6.23 
6.22 
6.22 

6.23 

6.22 
6.  20 
6.22 
6.20 
6.18 

6.  20 


6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 

6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 


6. 

6. 

6.08 

6.08 

6.08 

6.08 

6.07 

6.08 

6.07 

6.01 


I>.  \".' 


Cot. 


0.415823 

.415445 
.415068 

.414691 
.414314 
.413938 
.413561 

.413185 
.412810 
.412434 

412059 
411684 

41 1309 
410934 

410560 

410186 

409812 

409438 
409065 
408692 

408319 
407946 

407574 
407201 

406829 

406458 

406086 

405715 
405344 
404973 

404602 
404232 
403862 

403492 
403122 
402753 
402384 
402015 
401646 
401278 

400909 

400541 

400173 
399806 

399438 
399071 
398704 
398337 
397971 
397605 

397239 
396873 
396507 
396142 

395777 
395412 

395047 
394683 

394318 


385 


Table  66.  —  Coniinved 

LOeARFTHUlC   BINES,   COSINES,   TANCENTB, 
AND   COTANC1SNT6 


tlWii 


lEIi 


SSa 


23* 


Table  55.  —  Continued 

LOGARITHMIC   SINES,   COSINES,   TANGENTS, 
AND    COTANGENTS 


156' 


M. 


o 
I 
s 
3 
4 

i 
I 

9 

10 
iz 

19 

X3 
X4 
15 

z6 

\l 

19 

90 
az 

99 

93 

a4 

U 

97 
98 
99 

30 

3X 
39 
33 
34 

it 

39 

40 
4X 
4a 
43 
44 

49 

50 
51 
5a 

53 

54 


Sin. 


9.591878 
.592176 
.592473 
.592770 
.593067 

9-593363 
.593659 
.593955 
.594251 
.594547 

9.594842 

.595137 
.595432 

.595727 
.596021 

9-596315 
.596609 

.596903 
.597196 
-597490 

9-597783 
•598«>75 
.598368 
.598660 
.598952 

9.5992 
.599' 
.599S27 
.600118 
.600409 

9.600700 
.600990 
.601280 
.601570 
.601860 

9.602150 
.602439 
.602728 
.603017 
.6c^o5 

9-603594 
.603882 
.604170 
.604457 
.604745 

9.605032 
.605319 
.605606 
.605892 
.606179 

9.606465 
.606751 
.607036 
.607322 
.607607 

9.607892 
.608177 
.608461 
.608745 
.609029 

9.609313 


/ 


Cob. 


D.  I' 


97 
95 
95 
95 
93 
93 
93 
93 
93 
92 

92 
92 
92 
90 
90 
90 


87 
88 

87 
87 
87 
87 
85 
85 
85 
85 

83 
83 
83 
83 
83 
82 
82 
82 
80 
82 

80 
80 

78 
80 

78 
78 
78 
77 
78 
77 

77 
75 
77 
75 
75 
75 
73 
73 
73 
73 


Id. 


r// 


Cos. 


964026 

963972 
963919 

963865 
9638 I I 
963757 
963704 
963650 
963596 
963542 

963488 
963434 
963379 
963325 
963271 

963217 

963163 
963108 

963054 

962999 

962945 
962890 
962836 
962781 
962727 
962672 
962617 
962562 
962508 

962453 

962398 

962343 
962288 

962233 

962178 

962123 

962067 

962012 

961957 
961902 

961846 
961791 

961735 
961680 

961624 

961569 

961513 
961458 
961402 
961346 

961290 
961235 
961 179 
961 123 
961067 
961011 

960955 
960899 

960843 

960786 

960730 


Sin. 


D.  I". 

» 


.90 

.88 
90 
90 
90 

86 

90 
90 
90 
90 

90 

92 
90 

90 
90 
90 

92 
90 
92 

90 

92 
90 
92 
90 

92 
92 
92 
90 
92 
92 

92 
92 
92 
92 
92 

93 
92 
92 

92 
93 

92 

93 
92 

93 
92 

93 
92 

93 
93 
93 

92 
93 
93 
93 
93 
93 
93 
93 
95 
93 


D.  1 


// 


Tan. 


9.627852 
.628203 
.628554 
.628905 
.629255 

9.629606 
.629956 
.630306 
.630656 
.631005 

9-631355 
.631704 

.632053 

.632402 

.632750 

9-633099 
-633447 
-633795 
.634143 
.634490 

9.634838 

-635185 
.635532 

•635879 
. 636226 

9.636572 

.636919 

.637265 

.637611 

.637956 

9.638302 
.638647 
.638992 

.639337 
.639682 
9. 640027 
.640371 
.640716 
.641060 
.641404 

9.641747 
.642091 
.642434 

.642777 
.643120 
9.643463 
.643806 
.644148 
.644490 
.644832 

9-645174 
.645516 

.645857 
.646199 
.646540 
9.646881 
.647222 
.647562 

.647903 
.648243 

9.648583 


D.  I". 


5.85 
5.85 
5.85 
5.83 
5.85 
5.83 
5.83 
5-83 
5.82 

5.83 

5.82 
5-82 
5.82 
5.80 
5-82 
5.80 
5.80 
5.80 

5-78 
5.80 

5.78 
5.78 
5.78 
5-78 
5.77 
5.78 
5-77 
5.77 
5.?6 
5-77 

5-75 
5-75 
5.75 
5-75 
5.75 
5-73 
5-75 
5-73 
5-73 
5-72 

5-73 
5-72 
5-72 
5-72 
5-72 
5-72 
5.70 
5-70 
5-70 
5.70 

5-70 
5.68 

5.70 
5.68 
5.68 
5.68 

5.67 
5.68 

5.67 
5-67 


Cot. 


■w 


Cot. 


T>.\ 


0.372148 

.371797 
.371446 

.371095 
.370745 
0.370394 
-370044 
.369694 
.369344 
.368995 

o.  368645 
.368296 

. 367947 

.367598 

. 367250 

0.366901 

.366553 
. 366205 

-365857 
.365510 

o.  365162 
.364815 
. 364468 
.364121 
.363774 

o.  363428 
. 363081 

.362735 
.362389 

.362044 
0.361698 

-361353 

.361008 
.360663 
.360318 

0.359973 
.359629 
-359284 
.358940 
.358596 

0.358253 
.357909 
.357566 

.357223 
.356880 

0.356537 
.356194 
.355852 
-355510 
.355168 

0.354826 

.354484 
.354143 
.353801 
.353460 
0.3531 19 
.352778 
.352438 
.352097 
.351757 


3S7 


24^ 


M. 
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LOGARITHMIC   SINES,   COSINES^   TANGENTS, 
AND  COTANGENTB 


o 
z 
a 


I 


zo 
zz 

Z2 

13 
M 

;i 

19 

TO 
2Z 

sa 

as 

ai 
ag 


i 


30 

31 
sa 

33 
34 

P 
li 

39 

40 
41 
4a 
43 
44 
45 
46 

% 

49 

50 
51 
5a 

53 
54 

ii 

IS 


155* 


Sin. 


Zz 


609313 

609597 
609880 

610164 

610447 

610729 

611012 

611294 

611576 

61 1858 

61 2140 
612421 
612702 
612983 
613264 

613545 
613825 

614105 

614385 
614665 

614944 
615223 
615502 
615781 
616060 
616338 
616616 
616894 
617172 
617450 

617727 
618004 

6 1828 I 
618558 
618834 
619110 
619386 
619662 
619938 
620213 

620488 
620763 
621038 
621313 
621587 
621861 
622135 
622409 
622682 
622956 

623229 
623502 
623774 
624047 
624319 
624591 
624863 

625135 
625^06 
625677 
625948 


D.I 


// 


4.73 
4.72 

4.73 
.4.72 
4.70 
4.72 
4.70 
4.70 
4-70 
4.70 

4.68 
4.68 
4.68 
4.68 
4.68 
4.67 
4.67 
4.67 
4.67 
4.65 

4.65 

4-65 

4.65 

4.65 

4.63 

-r.63 

4.63 

4.63 

4.63 
4.62 

4.62 
4.62 
4.62 
4.60 
4.60 
4.60 
4.60 
4.60 
4.58 
4-58 

4.58 
4.58 
4.58 
4.57 
4-57 
4-57 
4.57 
4.55 
4.57 
4-55 

4.55 
4.53 
4-55 
4-53 
4.53 
4.53 
4-53 
4-52 
4-52 
4.52 


Cos. 


Cos, 


I -■"'■11 


9.960730 
960674 
960618 
960561 
960505 
960448 
960392 

960335 
960279 

960222 

960165 
960109 
960052 

959995 
959938 
959882 

959825 
959768 

9597" 
959654 

959596 

959539 
959482 

959425 
959368 
959310 
959253 
959195 
959138 
959080 

959023 
958965 
9589<» 
958850 
958792 

958734 
958677 
958619 
958561 
958503 

958445 
958387 
958329 
958271 

958213 

958154 
958096 

958038 

957979 
957921 

957863 
957804 
957746 
957687 
957628 
957570 
9575" 
957452 
957393 
957335 
957276 

Sin. 


D.I 


// 


93 
93 
95 
93 
95 
93 
95 
93 
95 
95 

93 
95 
95 
95 
93 
95 
95 
95 
95 
97 

95 
95 
95 
95 
97 
95 
97 
95 
97 
95 

97 
95 
97 
97 
97 
95 
97 
97 
97 
97 

97 
97 
97 
97 
98 
97 
97 
98 
97 
97 

98 
97 

9f 
98 

97 

9? 
98 

98 

97 

98 


D.I 


// 


Tan. 


\ 


9.648583 
.648923 
.649263 
.649602 
.649942 

9.650281 
.650620 

.650959 

.651636 

9-651974 
.652312 
.652650 
.652988 
.653326 

9.653663 
.654000 

.654337 

.654674 
.655011 

9-655348 
.655684 
.656020 

.656356 

.656692 

9.657028 

.657364 
.657699 
.658034 
.658369 

9.658704 

.659039 

.659373 
.659708 
.660042 
9. 660376 
.660710 
.661043 
.661377 
.661710 

9. 662043 
.  662376 
.662709 
. 663042 
.663375 

9.663707 
.664039 
.664371 
.664703 
.665035 

9.665366 
.665698 
.666029 
.666360 
.666691 

9. 667021 
.667352 
.667682 
.668013 
.668343 

9.668673 

Cot. 


D.  I 


// 


5.67 
5-67 
5.65 
5.67 
5.65 
5.65 
5-65 
5.63 
5.65 
5.63 

5.63 
5.63 
5.63 
5.63 
5.62 
5.62 
5.62 
5.62 
5.62 
5.62 

5.60 
5.60 
5- 60 
5.60 
5.60 
5.60 
5-58 
5-58 
5.58 
5.58 

5-58 
5.57 
5.58 
5.57 
5.57 
5.57 
5.55 
5.57 
5.55 
5-55 

5.55 
5.55 
5-55 
5-55 
5.53 
5.53 
5.53 
5.53 
5.53 
5- 52 


5-53 
5.52 
52 
52 
50 
52 
.50 
52 
50 
50 


5. 
5. 
5. 
5. 
5- 
5. 
5- 
5- 


\i>. 


Cot. 


\ 


0.351417 

.351077 

.350737 

.350398 

350058 

349719 
.349380 

.349041 
.348703 
.348364 

348026 
347688 

347350 
347012 

346674 

346337 
346000 

345663 
345326 
344989 

344652 
344316 
343980 
343644 
343308 

342972 
342636 

342301 
341966 
341631 

341396 
340961 
340627 
340292 

339958 
339624 
339290 

338957 
338623 
338290 

337957 
337624 
337291 
336958 
336625 
336293 
335961 
335629 

335297 
334965 

334634 
334302 
333971 
333640 
333309 
332979 
332648 
332318 

331987 
331657 

331327 


88S 
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LOaARITHUIC   BINXB,   COSINES, 


M. 
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c... 

D.  v. 

Tun. 

..,". 
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I 
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-.1^ 

4^5' 
4-50 

il 

4-4S 

9.957176 

1 

i 

5.4S        " 

s 

t 

SS 
54 

51 

.617CBO 
9.6273" 

.956744 

.669991 
-670977 

5-43          0 

5-48 

M 

9.6JS647 

4.4!! 
4.4B 

9.95«S4 

:$ 

9.671953 

tf? 

3ja.37 

I> 

.618916 

:^^ 

:t.7^9 

a 

13 

■  639453 

.956506 

■672947 

5-t5 

El 

47 

.6^11 

.95S447 

.673174 

48 

11 

9.63,8, 

4^47 

9-956387 

9.67360. 

326398 

.«30J57 

.9563=7 

'■•^ 

.673919 

3.6071 

3 

:S 

ttj 

.9561^ 

.»6»S 

:6?1^ 

5^45 

32574^ 

41 

19 

■631059 

.956,4a 

'igS 

.674911 

325089 

9.63"3>6 

9.9S«°a9 

'■f'^SI 

314763 
3144^ 

40 

n 

:Slgl 

A-ll 

.956019 

.955969 

iloo 

5U3 

H 

,633ns 

.9559°9 

IS 

123783 

1 

y 

9:63^^ 

4.4J 

41! 

■  loo 

3;s 

.63>9« 

.67719, 

3^ 

34 

:; 

.633.89 

4:41 

^955669 
-955609 

1:" 

IS 

S.4S 

322480 

32.154 

33 

»9 

'633719 

.955Sia 

321829 

3? 

9-633984 
■  6j4i49 

4'4> 

9-9554^ 

.^oo 

':!« 

5.41         '^ 

32!^ 

i 

.634514 

■95^63 

.679145 

i.A' 

3»8h 

33 

.61*775 

4- 40 

il 

.679471 

320529 

34 

S 

■63504| 

.9550*6 
-955005 

i.-i 

.681091 

S-A'        0 

5.40 
s'40 

310105 
3198S0 
319556 

39 

.681416 

3185S4 

4» 

.63714s 

4.3? 
4..17 
4.Stl 

9-954SS3 
.954B13 
.954761 

;;" 

'■ffl^ 

5.3a     " 

31 8160 

3S 

!i 

S 

■  95464'' 

J:oi 

: 68.710 

w, 

s 

"M 

^954518 

.683679 

.63.1 

a 

4-37 

.954396 

''11 

.68400. 
-6S4314 

ill 

IPS 

3 

49 

.63898. 

.684646 

'5354 

5° 

9.639141 

9.68496S 

5-  7 

\^l 

S" 

-639503 

4-J5 

.68519° 

1 

51 

.639764 

.6S56H 

14388 

53 

.640014 

.954090 

■^^ 

14066 

I 

1 

.S401S4 

j:g 

»|P 

i;i 

.686155 

;  687119 

y " 

13745 

s 

.6,.3.4 

.Si 

312460 

g 

9:^;g5 

A.i' 

9^95366? 

i^oi 

5-35  1      0 

il'^^V'. 

c«. 

D.  .-. 

Sin. 

D.  ■-. 

J     Cot. 

\..;~A_ 

-\«. 

\ 
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SINBe,    COSINES,    TANGENTS, 
jtND  COTANOENTO 


It. 

SlD. 

Co.. 

p.... 

T.I.. 

„,,.. 

Cot. 

,.6«.a,2 

9.953660 

5,33 

0.3.18,8 

til 

:68S50, 

■3J1498 

i 

Si 

.642877 

A.2B 

:WM75 

sioi 

.6S8823 

5-M 

5. 33 

^sl^S 

1 
I 

9 

9.6S9783 

1 

A.% 

.9S3i'B 
■  953'M' 
.  953104 

i^i 

5-3> 
5-33 

^309897 

" 

*^ 

4.28 

.95'9So 

i!o3 

9.*9i3ai 

■3> 

0-30B619 
.308300 

« 

.644936 

-■S45193 

^95^,^5 

i!o5 

s 

;-3o 

;g£ 

■645450 

.69265c 

J3 
11 

'lis 

^iii 

1:05 

9-69'975 

"gi 

43 

-■646474 

■693930 

■  30 

:30607O 

4> 

ifl 

.646719 

.95>48l 

.69414a 

« 

9.«469a, 

4->7 

'■ii 

\'V 

':« 

,28 

0,305454 

•• 

n 
u 

■  *47494 

m 

4-^5 

Jl 

lis 

.695201 

:ls 

-*4a5'' 

t^ 

'''.f'9^% 

n 

.64S7M 

. 951980 

,696787 

:S 

33 

.■649020 

.«4W4 

^'1 

^mSIm 

l.BS 

■  697103 
.6974" 

is: 

SI 

31 

y 

9.649517 

ts 

9-6^3* 

0.301364 

a 

.647781 

.9S'7'S 

1    05 

1.05 

:^ 

If 

s 

i 

.650539 

-9S1539 

:699"i 

u 

9.65079' 
.651044 

4." 

9.951476 

■-07 

':SS 

^^7 

"'.^^ 

■4 

i 

.65.^7 

3:S 

■"1^ 

1*0^ 

i'^ 

.J000S3 

2 

.1994" 

40 

S-feJOi- 
.655304 

4'« 

'■^ir! 

I-05 

•iSS 

5-25 

•;X-. 

i 

:gg 

*'1b 

'.^^ 

■"1 

S^ 

:ag 

^ 

9'65MoS 

4!ia 

9'-MM41 

.:o7 

9:?^ 

5- =3 

.297848 
0.297534 

i« 
19 

:ISS 

i:ii 

■9.50778 

w 

i'i 

:^? 

« 

S 

.654059 

i-f 

.196591 

49 

-6S4W 

.396178 

* 

9.654558 
.654658 

4^17 

9.95o5'| 
.950458 

^.«J 

9-7040J6 

^H 

°:g 

10 

a 

.65505a 

1 

ill 

I'.Xl 

i3950M 

J 

S4 

.294710 

S 

n 
s 

;6s63^ 

4.' 

9.95010' 
.950138 

j:i 

*:S3 

S,"' 

°:Sa! 

s 

.  65*55' 
.656799 
9-657047 

ti 

,;iii 

9:3i 

5- 22 

5,« 

0, 29*54 

J 

/  ''"■■  / 

D.  i". 

Sin. 

D,  1". 

J     Cot. 

U.V". 

^^  T«o. 

M- 

Table  56.  —  Conlinved 

LOOARITHliIIC   SINES,    COOINtS,   TANQEmS, 
AND    COTANGENTS 
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;ji 

^^, 

V, 

■s;ja? 

>9 

H 

•ffl 

Vi 

s; 

•ss 

'« 

» 

a.666Su 

.M706S 
.M730S 


9.670419 


:» 


■  W733S 
9-M7*9 


.94*671 


9.7(i7'« 

"-7n9"37 
.709660 
-709971 


7  "8477 


.71078] 


.723917      ^ 

S.714M9         ^ 
.715065!      ' 

1  i','X\ 


0.3«97l8     , 


!l378S4     i 
.^7544     i 


285376     ! 
^5^1     i 


.aB07SJ     ■ 
o.j§o44s    I 
.J3013S 
.179831 


'.61^ 


'■IW4 


9.67fi3JS 
.67656; 
.67679* 


.6784JO 
178663 
1791 J 


9.W4SS3 

■  9444^6 

■  944309 


-732653 
_■  73^55 


,367649  ; 

.567045  : 

0.766743  ■ 
.366441 


Af 


9.683184 

.M3SM 
-683743 
.M397> 
.684101 


S,--/     ■'■*', 


■  943^79 


9,94^ 

^94=;^ 


■737471 

.738371 
.73S671 
-738971 
9.739371 
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LOOARITBUIC  BINES,  COSIKSe,  TANQENn, 


.     9.^557' 


9-743753 
■74*059 

■74464s 

9-745140 


■'S3S71     , 


•5««76 
.693898 


.*96S54 


'3 


■749985 
.7501S1 


.7S*M7 
9.753641 
.7S»937 


i47?48 
147653 


:& 


.1413" 


':S2 


i^y.^- 


.139718  < 

■  139436      3 


Table  55.  —■  Corjinved 

LOOAJtlTHUIC   BINES,    COSINES,   TANGENTS, 


US' 


■  76J479 


.704JM 


.706967 
.707393 
9.707606 

.7aRi4S 
-ToRtS^ 


.936578 
.936505 


-935171 
-935097 

9' 934948 

.9347*' 

.934649 

9-934574 

.934349 
9-934199 


■  7^5 

.7li34i4 
9. 76S703 
.763991 
.769**! 

■  7^7' 
.7Ei9Hn 

9.77D14S 

-7704J7 


.775046 
9-  77.S90"  I 


."333=5 
.'I30JS 

0- 533745 


:?1S 


:S3 


<714  I      " 


\-\ 


Table  55.  —  CoTiUnued 

LOGARITHMIC   BINES,    COSINES,   TAMOKKN, 


IS 

ISS 


IS 


'S, 


9-93^ 
■93i5i3 


■930533 
.930456 
9,930378 


.91944a 


.9^657 
.918573 


9-778774 
■779060 


■  7SUS6 
.^5771 
9-783''5fi 


-78SJ3J 

.78PI6 


■787603 

1»S 


! 791846 

■  79MIO 
.79*9" 
9^ 79*974 


.795n7 


^744      9 

i 

15617  j    I 
15336       4 


#•" 
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COSINES,   TANQENTS, 
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M, 

"- 
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Tbd. 
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~ 

~ 
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9.928420 
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795789 
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to 

I 

ii 
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S: 

il 

3 

i 
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796913 
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5 
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»38o6 
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I 

9 

:3n 
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3-35 

.927708 

1:32 

ii 

798316 

ii 

S" 

":!«S 

3-J5 

9.927629 

.9=7549 

J^B         " 

a 

4.6S        ° 

301404 

3 
S 

« 

:726SJ7 

3-35 

lisi 

799437 

tl          0 

TO563 

»02B3 

i 

3^33 

9.92723. 
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MOOOJ 
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« 

'9 

.9.691. 

.98884 

41 

ao 

9.723227 
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801396 

ir 
il " 

'98604 

40 

*3 

1:1" 

.926591 
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R0K34 

198315 

P 

M 

.729024 

.926511 

805513 

197487 

lis 

196370 

ti 

n 

.7!gSB5 

3:31 

9-926431 
.926351 
-926170 
.926190 

1^35 

803072 
803351 
S03630 

33 

31 

>s 

.7300,8 

-9*6.10 

803909 

196091 

31 

30 

9.926029 

804T87 

il  ° 

195813 

39 

:IX 

3:30 

:SS 

1:« 

S04466 
S04745 

.1 

■730S.1 

3.28 

.9WSS 

1    ' 

s 

iSl 

% 

1 

:S3 

-915384 

;:f^ 

si 

193585 

fi 

806971 

Hi   " 
il   . 

41 
41 

:!rf 

liS 

1SK 

1.3 

807149 

B075.7 

Si 

;i 

.732784 

■'S 

.'(07805 

■I 

.732980 

t'l 

!:f    ' 

RoSoSj 

191917 

IB 

9-7JJI77 

9.9»fl8'6 

«o89?6 

19K184 

13 

.733765 

809193 

4^63 
4.62 

190807 

I* 

« 

-733961 

:9»M9' 

Soit,7i 

■90519 

9.734'57 

:  734939 

■735525 
■73S719 

3. '7 
3.2s 

3.35 

.924083 
9.9=4001 

Wi 

9^ 92359' 

|;|J     9 

'■37           q 

iii 

4^63 

1 

10 

1 

i 

1 

s 

ii?3 

'■"^    0 

;a 

I 

1  '"■  1 

D.  .". 

Sin. 

D.  .'■.    \ 

Cot. 

\-.'"-\ 

1«x.     \m. 

A 

—  Continued 

EB,   TANOEim, 


146° 


9.737080 

-,37j67 
.737661 


-388» 


-S«34i7 
.9'3M5 
.933363 

.933098 
9.9n763 


. 186377     , 

14996  . 

...Jl7»     , 


9.73997s 
■  740JM 


"jiS 


,.911940 

.9"Si7 


.17949= 


9.74A> 
.7«"3 


■  744361 


.  746*48 
.746436 
9-7466J4 


■  747J74 
9.747563 


,:SSi 


.930099 


I     <="■     I '>■'"■  I' 


'■A4J 
«7i5  I      ' 


.'1781" 
0.177846 


:1^M9 
0.176476 


':;ss 


iUr 


Table  55.  —  Continued 

LOGARITHMIC   SINES,   COSINES,   TANGENTS, 
AND   COTANGENTS 


145* 


3 


M 


o 

X 

a 
3 

4 

I 
\ 

9 
xo 

XX 

xa 
X3 
X4 

\i 

19 

ao 
ax 
aa 
as 

24 

'A 

rj 
a8 

39 

30 
31 
3a 
33 
34 
35 
36 

% 

39 

40 
41 
4a 
43 
44 
45 
46 

48 
49 

50 
51 
5a 
53 
54 

% 

57 
58 

g 


Sin. 


747562 

747749 
747936 
748123 
748310 

748497 
748683 

748870 

749056 

749243 

749429 

749615 
749801 

749987 
750172 

750358 

750543 
750729 

750914 
751099 

751284 
751469 
751654 
751839 
752023 
752208 
752392 
752576 
752760 

752944 

753128 
7533" 
753495 
753679 
753862 

754046 

754229 
754412 

754595 
754778 

754960 

755M3 
755326 
755508 
755690 
755872 

756054 
756236 

756418 
756600 

756782 

756963 
757144 
757326 

757507 
757688 

757869 
758050 
758230 
7584 I I 
758591 


D.  I 


// 


3.12 
3.12 
3.12 
3.12 
3.12 

3- 
3- 
3. 
3. 
3. 


10 
12 
10 
12 
10 


Cos. 


3.10 
3.10 
3.10 
3- 08 
3- 10 
3.08 
3- 10 
3- 08 
3.08 
3.08 

3.08 
3.08 
3.08 
3.07 
3.08 
3.07 
3.07 
3.07 
3.07 
3.07 

3-07 
3.05 
3.07 
3.05 
3.07 
3.05 
3.05 
3.05 
3.05 
3.03 

3.05 
3.05 
3.03 
3.03 
3.03 
3.03 
3.03 
3.03 
3.03 
3-03  I 

3.02  I 
3.02 

3.03  I 
3.02  I 
3.02 
3.02 
3.02 
3.00 
3.02 
3.00 


8574 
8489 
8404 
8318 

8233 
8147 
8062 

7976 
7891 

7805 

7719 
7634 
7548 
7462 
7376 
7290 
7204 
7118 
7032 
6946 

6859 
6773 
6687 
6600 

6514 
6427 
6341 
6254 
6167 
6081 

5994 

5907 
5820 

5733 
5646 

5559 
5472 
5385 
5297 
5210 

5123 

5035 
4948 
4860 

4773 
4685 

4598 
4510 
4422 

4334 

4246 
4158 
4070 
3982 

3894 
3806 

3718 

3630 

3541 

3453 

3365 


Coa.        D.  1 


"■  If 


Sin. 


D.  I 


// 


42 
42 

43 
42 

43 
42 

43 
42 

43 
43 

42 
43 
43 
43 
43 
43 
43 
43 
43 
45 

43 
43 
45 
43 
45 
43 
45 
45 
43 
45 

45 
45 
45 
45 
45 
45 
45 
47 
45 
45 

47 
45 
47 
45 
47 
45 
47 
47 
47 
47 

47 
47 
47 
47 
47 
47 
47 
48 
47 
47 


Tan. 


D.  1 


// 


\ 
\\ 


828987 
829260 

829532 
829805 
830077 

830349 
830621 

830893 
831 165 

831437 

831709 
831981 
832253 

832525 
832796 
833068 

833339 
8336 II 
833882 

834154 

834425 
834696 

834967 
835238 

835509 
835780 
836051 
836322 

836593 
836864 

837134 
837405 
837675 
837946 
838216 
838487 

838757 
839027 

839297 
839568 

839838 
840108 
840378 
840648 
840917 
841187 

841457 
841727 
841996 
842266 

842535 
842805 

843074 
843343 
843612 
843882 
844151 
844420 
S44689 
84495S 
845227 

Cot. 


D.  I 


// 


55 
53 
55 
53 
53 
53 
53 
53 
53 
53 

53 
53 
53 
52 
53 
52 
53 
52 
53 
52 

52 
52 
52 
52 
52 
52 
52 
52 
52 
50 

52 
50 
52 
50 
52 
50 
50 
50 
52 
50 

50 
50 
50 
48 
50 
50 
50 
48 
50 
48 

50 
48 
48 
48 

48 
48 
48 
48 
48 


Cot. 


71013 
70740 
70468 

70195 

^^ 
69^1 

69379 

68291 
68019 

67747 

67475 
67204 


65575 

65304 

65033 
64762 

64491 
64220 

63949 
63678 

63407 
63136 

62866 

62595 
62325 

62054 

61784 

61513 
61243 

60973 
60703 

16043a 


\l>.V.\ 


553" 
5504a 

_^54773 


§ 

55 
54 
53 
59 

5X 

50 

45 
44 
43 
4« 

4« 

40 

li 

35 
34 
33 

aa 

3S 
30 


35 

a4 
33 
aa 

az 

90 

;i 
\l 

X5 
»4 
13 
xa 

XI 

xo 

i 

I 

5 

4 
3 

a 
I 
o 


SlQft 


Table  66.  —  Conftnued 

LOaASITHMIC    BINES,    COSINES,   TAN0ENT8, 


tti 


,766774 
.766949 
.767114 

.767475 
■767*49 
767874 

?S?8 
SiS 

■6S697 


;s.i 


:^lT.. 


'tS 


5SS 


af 


Table  65.  —  Conlimied 

LOOAIUTHHIC   SINES,   -COSINES,   TANQENTS, 
AND  COTANGEim 


3 

.7697*0 

? 

i 

■!BS 

9 

" 

■K3 

>J 

■«;a 

;iia 

1 

»sg 

^ 

■SiS 

*B 

w 

r. 

:^:i^ 

4 

',77H'o 

^ 

50jlsi 


lis 


13S739  I 

;S  i 

'37*77  ! 

136S3l  i 

1366,5  J 

136350  ! 


H99« 
'=9735 


A^ 


Table  56.  —  Continued 

UMABITBHIC   BINES,    COSINES,    TANQENTS, 


.780133 


,781468 

.7a"634 

9:7819*6 
.781133 


.7843811 

.7S4776 
■78IWI 
.785105 
B.  785*9 


9.9i»433 

.900140 


.899S64 
9.999467 
-899370 
■=19,17? 

l99i'78 
198981 
.  I988S4 

.698787 

9- 898494 


5.B8M63 
88314^ 


:ES 


:S!S 


897908 


% 
S, 

Ln 


S,1I5,\ 


.Table  55.  —  Continued 

LOaABITHUlC   BINES,    COBINEH,    TANaENTS, 


M.       Sin,        D.  I 


-)■  791757 


a; 

9-89554" 
■895*43 

-895144 
■  895MS 

.894746 
.894646 
9.894546 
.994446 

.894M6 

.994146 


.  (94631 

.S94&92 

.89515' 


-89645' 
9.8967.. 

.S96971 


I.IQ45M  , 


.79430B 

.79M67 

.794784 


.693444 
■893343 
.893=43 


9.9K>605 
.9i»964 

101363 


■796364 

■79667? 
.796836 
.796993 
■797150 

9-7973^ 


(97624 
9- 89' 513 


.093440 

.093181 


%    ,, 


.:iS 


\»----V^^~\»\ 


Table  55. 

LOaABlTBMIC  BOiEf 

AMD  eOTAUGElslTa 


ConUrmed 


M. 

Sin. 

■>■■"■ 

Cos. 

..... 

T.. 

a.". 

:ot. 

59 

.799028 

..g 

9-S90503 

.890400 

1.7=        » 

SiS 

4.3=        ° 

091631 

J 

.799184 

liss 

■II 

i':?" 

1^ 

4-30 

isS 

58 
57 

A 

M 

:^', 

090598 

56 

i 

1 

■.^\ 

S:?>  [' 

909060 
910177 

4-30 

089565 

9 

.8««7. 

-889579 

910693 

089307 

5' 

9.800417 

3 

9. 889177 

089049 

.SoosSi 

.839374 

0SS791 

49 

J3 

Si 

■§li 

!:7i 

911467 
911981 

i:i 

■*l»3 

1 

il 

i 

'■^M 

\[ll    « 

V'u^ 

4:^ 

0SJ^3 

\i 

■Si 

■^5* 

f;73 

^l%f 

sss 

il 

>9 

: 888548 

0867,9 

1' 

" 

9-Boim 

1.5S 

■s 

;:?3    ' 

gg 

^■^      " 

ii 

085440 

s 

i 

:IS^J^ 

if? 

.888134 
.SS8030 

!;?3 

s 

Jji 

il 

u 

^X^^ 

'■X 

'^73        ' 

085,83 

n 

^ 

4 

.803050 

.S87718 

33 

.803304 

i^ 

.887614 

!*" 

?;p? 

^■f 

084410 
084153 

3" 

30 
31 

■s 

il 

9.887406 

!:?3    ' 

iSfi 

1^  " 

0S3S96 

s 

33 

1 

.803970 

.804418 

•-li     ' 

SIM77 

1^  0 

083609 

» 

39 

.fc3^< 

!S86676 

917906 

083094 

:£» 

^■53 

:SSJ 

1*" 

SISS 

3:^ 

o8lSl7 

" 

41 

9.805039 

=*S3 

•:|S 

1^75       5 

Sffi 

4^38         " 

$\m 

ao 

4* 

i 80534 J 

>:« 

1:75 

91919' 

080S09 

li 

43 

:ai 

:ss6^? 

0S0553 

17 

44 

li 

.885416 

16 

8 

9-805799 

1S> 

919961 

Si 

930990 

4-38 

4-3S 

08ccn8 
079781 
079S?4 
079=67 

|S 

so 

9-806557 

9.^5311 

1-75 

07S753 

10 

S3 

:1S??13 

=.53 

:884?IS 

ig 

3:S 

4.38 

4.38 

07S497 

IS 

1 

i 

1 

9.807314 

9.884783 

91'530 

;gS 

a-SJ 

.^677 

il 

9='787 
9'3ai4 

076700 

i 

g 

iSS, 

>:!o' 

,864360 

'■"  9 

W 

.»4\V 

/  =•••  / 

D..".; 

Sin. 

D.  ■".  H 

Col. 

\---\ 

•,„.    V 

Tablb  56.  —  Continued 

LOOABITHiaC  SWES,  COSINES,  TANaSNIS, 


IBS' 


.331764 

9-58I6S7 
°fit4S 


Si  2840 
|1!S88 

IS 


£!!S 


Si 


.064156 


■■"■  I- 


:lil 


1°---M\ 


-93S653 
■93*908 
9-939'*3 


\°'--\ 


\>\ 


Table  SS.  —  Continued 

LOaASTFBMIO  SINEa,   COSLNE3,   TAMaEMTS, 
AND   COTAMGENia 


138- 


IS 


'/_'••■  I 


JIasJ 


\"57?^\     T;»^J\gi 


Table  55.  —  Cordinued 

LOOABITHMIC  SINES,   COSINES,  TANGENTS, 
AND  COTANQENTS 


nr 


Sin. 


9.825511 
.825651 
.825791 
.825931 
.826071 

9. 82621 1 
.826351 
.826491 
.826631 
.826770 

9. 826910 
. 827049 
.827189 
.827328 
. 827467 

9. 827606 
.827745 
.827884 
. 828023 
.828162 

9. 828301 
.828439 
.828578 
.828716 
.828855 

9.828993 
.829131 
.829269 
. 829407 
.829545 

9.829683 
.829821 
.829959 
.830097 
•830234 

9-830372 
.830509 
.  830646 
.830784 
.830921 

9.831058 

.831195 
.831332 
.831469 
.831606 
9.831742 
.831879 
.832015 
.832152 
.832288 

9.832425 
.832561 
.832697 
.832833 
.832969 

9.833105 
•833241 

.833377 
.833512 
.833648 

9-833783 
Coa. 


D.  I 


// 


Cos. 


D.  I". 


9.871073 
870960 
870846 
870732 
870618 
870504 
870390 
870276 
870161 
870047 

869933 
86981S 

869704 

869589 

869474 
869360 
869245 
869130 
869015 
868900 

868785 
868670 

868555 
868440 
868324 
868209 
868093 
867978 
867862 
867747 
867631 

867515 
867399 
867283 
867167 
867051 
866035 
866819 
866703 
866586 

866470 
866353 
866237 
866120 
866004 
865887 
865770 

865653 
865536 
865419 

865302 
865185 
8650^ 
864050 
864833 
864716 
864598 
864481 
864363 
864245 
864127 


r// 


sm. 


88 

90 
90 
90 
90 
90 
90 
92 
90 
90 

92 
90 
92 
92 
90 
92 
92 
92 
92 
92 

92 
92 
92 

93 
92 

93 
92 

93 
92 

93 

93 
93 
93 
93 
93 
93 
93 
93 
95 
93 

95 
93 
95 
93 
95 
95 
95 
95 
95 
95 

95 
95 
97 
95 
95 
97 
95 
97 
97 
97 


Tan. 


954437 
954691 
954946 
955200 

955454 
955708 

955961 
956215 
956469 

956723 

956977 
957231 
957485 
957739 
957993 
958247 
958500 

958754 
959008 

959262 

959516 

959769 
960023 
960277 
960530 
960784 
961038 
961292 

961545 
961799 

962052 
962306 
962560 
962813 
963067 
963320 

963574 
963828 
964081 
964335 

964588 
964842 

965095 
965349 
965602 

965855 
966109 
966362 
966616 
966869 

967123 
967376 
967629 
967883 
968136 

968189 
968643 
968896 
969149 


D.  I". 


.23 
•25 
.23 
•23 

.23 
.22 

23 
•23 
•23 
•23 

.23 
.23 
.23 
.23 
•23 
.22 

•23 
•23 
•23 
•23 

.22 
.23 
.23 
.22 

.23 
.23 

.23 
.22 

23 
.22 

.23' 

.23 

.22 

•23 
.22 

•  23 
.23 
.22 

.23 
.22 

.23 
.22 

•23 
.22 
.22 

.23 
.22 

•23 
.22 
.23 

.22 
.22 

.23 
.22 
.22 

.23 
.22 
.22 

.23 
.22 


D.  1" 


Cot. 

60 

0.045563 

.045309 

ii 

.045P54 

.044800 

57 

.044546 

56 

0.044292 

55 

.044039 

54 

.043785 

53 

.043531 

5a 

.043277 

5« 

0.043023 

50 

.042769 

Jl 

.042515 

.042261 

*2 

.042007 

46 

0.041753 

45 

.041500 

44 

.041246 

43 

.040992 

4* 

.040738 

4X 

0.040484 

40 

.040231 

18 

.039977 

.039723 

% 

.039470 

0.030216 
.038962 

35 
34 

.038708 

33 

.038455 

3a 

.038201 

3X 

0.037948 

30 

•037694 

.1 

.037440 
.037187 

27 

.036933 

aa 

0.036680 

a5 

.036426 

34 

.036172 

83 

.035919 

aa 

.035665 

az 

0.035412 

ao 

.035158 

;s 

.034905 

.034651 

:J 

•034398 

0.034145 

15 

.033891 

14 

.P33638 
.033384 

X3 
la 

.033131 

IZ 

0.032877 

zo 

.032624 

1 

.032371 

.032117 

\ 

.031864 

0.03 161 X 

5 

.031357 

4 

.031104 

3 

.030851 

a 

.030597 

1 

0.030344 

0 

\    T%.TV. 

XS2 


jrvA 


I36' 


On. 

..,-. 

c. 

..,.-.  1' 

Tan.        D.  i". 

c.. 

60 

^^ 

9HMII7 

9^56        ,  „ 

0.030314 

<339'q 

8640.0 

969909 

Ii 
% 

f 

863891 

i. 

s 

;;i 

s 

<M59S 

I 

35 

9 

is 

970922 

t" 

t^s 

S 

'-. 

=5 

SSJ183 

jl 

ii 

4'" 

^fU 

S3 

66J064 

971935 

028065 

St 

135134 

861946 

972T88 

«78i2 

SO 

\ 

'5 

S6lSl7 

861471 

11 

i,! 

*:» 

861353 

^S 

\ 

s| 

862234 

97396^ 

4!  22 

D16193 
026040 

« 

136343 

\ 

i 

'■^ 

sa 

i:i 

025787 

4J 

gin 

; 

'3 

' 

861519 

i:i 

11 

3:» 

" 

0251S0 

40 

Ii 

': 

" 

86140a 

975731 

4^22 

oS^ 

S 

^^ 

\ 

'^ 

' 

a6li6i 

s§ 

4:21 

°^^5 

3S 

g 

': 

" 

8fc^' 
86^1 

976491 
976744 

*■'' 

02325S 

a« 

S606S1 

976997 

02300J 

3" 

■378'' 

S6056J 

If^ 

30 

l^i 

': 

860441 
860322 

2:00 

%'M 

4:22 

022144 

;i 

pi  1 

86o»> 

97S009 

n 

S344 

i 

9 

Sj 

i:i    ' 

978-62 
3 

v» 

ii 

P7*> 

8597^. 

020979 

'i 

J8875 

859601 

« 

859480 

0»473 

9 

859360 

859239 

\% 

98053a 
980791 
981044 

019967 

'S 

11 

; 

« 

858756 

\% 

*■" 

01946  J 

li 

i 

; 

i 

85S635 
858514 
858393 

2:" 

961297 

£1 
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^H 
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•9 

OK 
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JO 
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7^ 
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737^ 
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30 
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«i 

=84 
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S3 
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«s 
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1 

1 
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40 
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S16 
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8 

4J 
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S6S 
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■1 
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"1 
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3S1 
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15 

48 

6S3 
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i 
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5^ 
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T' 
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1 
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a 
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075 
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.7^ 

i 
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l^ 
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s» 
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'W 
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649 
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NATURAL  TANGENTS  AND  COTANGENTS 


M. 


o 

X 

a 

a 

4 

i 

9 

zo 
zz 
za 

X3 
«4 

\l 

19 

ao 
az 
aa 

as 

a4 


ag 

az 

3a 
33 
34 


39 

40 
4« 
4a 
43 
44 

n 

49 
50 

5x 

5a 
53 
54 


ii 


Tan. 


.00000 


087 

116 

.00145 

175 

204 

233 
262 


1^ 


.00291 
320 

34« 

3 

407 

.00436 

465 
495 
524 
553 

640 


.00727 

fs 

844 

.00873 
903 

931 

9? 
989 

,01018 

047 

076 

105 
135 

,01164 

193 
222 


z 


.01305 
338 
367 
396 
425 

.01455 
484 
513 
542 

.01600 

629 

687 

716 
.01746 


Cot. 


00 

3437-75 
1718.87 

1145.92 
859.436 

687.549 
572.957 
491. 106 
429.718 
381.971 

343. 774 
312.521 

286.478 
264.441 

245-552 
229. 182 
214.858 
202. 219 

90.984 
80.932 

71.885 
63.700 
56.259 
49465 
43.237 
37.507 
32.219 

27.321 
22. 774 
18.540 

14.589 
10.892 

07.426 

04.171 

01. 107 

98. 2179 

95. 4895 
92.9085 

90.4633 
88. 1436 

85.9398 

83.8435 
81.8470 

79.9434 
78. 1263 
76.3900 
74.7292 

73. 1390 
71.6151 
70.1533 

68.7501 
67. 4019 
66. 1055 
64.8580 

63.6567 
62. 4992 
61.3820 
60.3058 
59.2659 
58.2612 
57.2900 


/ 


Cot.   Tan. 


Tan.   Cot. 


,01891 
920 


,02007 


U 


.03201 
230 


3«7 
.03345 
376 
405 
434 
463 
.03492 


57.2900 

56.3506 

55.4415 

54.5613 
53.7086 

52.8821 

52.0807 

51. 3032 

50.5485 

49.8157 

49. 1039 
48.4121 

47. 7395 
47.0853 
46.4489 
45.8294 
45- 2261 
44.6386 
44.0661 
43.5081 

42.9641 
42.4335 
41.9158 
41.4106 
40.9174 
40.4358 
39.9655 

39.5059 
39- 0568 

38.6177 

38.1885 
37.7686 

37.3579 
36.9560 

36.5627 
36. 1776 
35.8006 

35.4313 
35.0695 

34.7151 

34.3678 
34.0173 
33.6q|5 
33.3662 
33- 0452 
32. 7303 

32.4213 
32.1181 
31.8205 
31.5284 

3X.2416 

30-9599 
30.6833 

30.4116 
30.1446 
29.8823 
29.6245 
29.3711 
29. 1220 
28.8771 
28.6363 


Cot.   Tan. 

88^ 
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NATURAL  TANGENTS  AND  COTANGENTS 


M. 

8° 

- 

9° 

10^ 

11° 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

60 

o 

.  14054  7- 

"537 

•'1^ 

6.31375 

. 17633  5 

.67128 

.  19438  5. 

14455 

z 

084   . 

10038 

.30189 

663 

.66165 

468   . 

13658 

% 

9 

113   . 

08546 

898 

.29007 

693 

.65205 

498   . 

12862 

3 

143   . 

.07059 

928 

.27829 

723 

.64248 

529   . 

12069 

^l 

4 

173   . 

05579 

95? 

.26655 

753   . 

63295 

11279 

56 

i 

.  14202  7. 

04105 

.15988 

6.25486 

.17783  5 

62344 

.  19^  5* 

10490 

55 

232 

.02637 

.16017 

.24321 

S'3  • 

.61397 

619   . 

05704 

08921 

54 

7 

262 

01 174 

047 

.23160 

843 

.60452 

649   . 

53 

8 

291  6 

99718 

077 

.22003 

873   . 

.59511 

680 

08139 

5a 

9 

321 

.98268 

107 

.20851 

903 

.58573 

710 

07360 

51 

zo 

. 14351  6 

.96823 

. 16137 

6. 19703 

.17933  5 

.57638 

.  19740  5. 

06584 

50 

zx 

381 

.95385 

167 

.18559 

.56706 

770   . 

05809 

JS 

Z9 

410 

.93952 

196 

.17419 

993   . 

.55777 

801 

05037 

13 

440 

.92525 

226 

. 16283 

.18023 

54851 

lil   : 

04267 

^l 

M 

470 

89688 

256 

. 15151 

«°53 

.53927 

03499 

46 

\l 

.14499  6 

.16286 

6.14023 

.18083  5 

.53007 

.  19891  5. 

02734 

45 

529   • 

.88278 

316 

.12899 

113 

.52090 

921   . 

01971 

44 

17 

pi 

.86874 

346 

.11779 

143 

.51176 

952   . 

01210 

43 

z8 

.85475 

376 

.10664 

173 

.50264 
.49350 

982 

00451 

4a 

19 

618 

.84082 

405 

•09552 

203 

.20012  4, 

99695 

4X 

90 

. 14648  6 

82694 

. 16435 

6.08444 

.18233  5 

.48451 

. 20042  4 

9?94o 

40 

az 

678 

.81312 

465 

.07340 

263 

.47548 

073   . 

98188 

P 

33 

707   . 

.79936 
.78564 

495 

.06240 

293 

.46648 

103 

97438 

33 

737 

525 

.05143 

323 

.45751 

133   . 

96690 

3? 

84 

767   . 

77199 

.04051 

353 

.44857 
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95945 

36 

^i 

. 14796  6 

75838 

.  i6p5 

6.02562 
.01878 

.18384  5 

.43966 

.20194  4 

.95201 

35 
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.74483 

615 

414 

.43077 

224 

.94460 

34 

H 
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.00797 

444 
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254   . 
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33 

38 
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.71789 
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^:^1 
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285   . 

.92984 

3a 

39 
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.70450 
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504 

.40429 

315 
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3Z 

30 

•  14945  6 

.69116 

.16734 

5-97576 

.18534  5 

.39552 

.20345  4 

.91516 

30 

31 

975 

.67787 

764 

.96510 

564 

.38677 

376   . 

.90785 

^3! 

3a 

.15005 

.66463 

794 

.95448 

594 

.37805 

406 

,90056 

33 

034   . 

.65144 

824 

.94390 

624 

.36936 

436 

.89330 

37 

34 

064 

.63831 

854 

.93335 

o5§4 

.36070 

466 

36 

11 

. 15094  6 

62523 

. i6884 

5.92283 

.18684  5 

.35206 

.20497  4 

'87882 

^5 

124   . 

.61219 

914 

.91236 

714 

.34345 

527   . 

87162 

a4 

32 

^§3 

.59921 

944 

.90191 

745 

.33487 

.86444 

33 

38 

183   . 

.58627 

974 

.89151 

775 

.32631 

p8 

.85727 

33 

39 

213 

.57339 

.17004 

.88114 

805 

.31778 

618 

.85013 

az 

40 

. 15243  6 

56055 

.17033 

5.87080 

.18835  5 

.30928 

.20648  4 

.84300 

ao 

A^ 

272 

54777 

063 

.86051 

865 

.30080 

679 

,83590 

Ji 

43 

302 

.53503 

093 

.85024 

895 

.29235 

709 

, 82882 

43 

332   . 

52234 

123 

.84001 

925 

.28393 

739   . 

.82175 

^l 

44 

362 

50970 

153 

.82982 

o955 

. 27553 

770   . 

.81471 

z6 

t 

. 15391  6 

49710 

. 17183 

5.81966 

.18986  5 

.26715 
.25880 

.20S00  4 

80765 
.80068 

15 

421   . 

.48456 

213 

.80953 

.19016 

?l°   • 

14 

^l 

451 

.47206 

243 

.79944 

046 

.25048 

861 

79370 

13 

48 

481 

.45961 

273 

.78938 

076 

.24218 

891   . 

78673 

Z3 

49 

5" 

.44720 

303 

.77936 

106 

.23391 

921   . 

77978 

ZZ 

50 

. 15540  6 

43484 

. 17333 

5-76937 

. 19136  5 

. 22566 

. 20952  4. 

77286 

zo 

51 

570   . 
600 

42253 

363 

.75941 

166   . 

,21744 

982 

76595 

\ 

52 

41026 

393 

.74949 

197   . 

.20925 

.21013 

75906 

53 

630 

39804 

423 

.73960 

227 

.20107 

043   . 

75219 

I 

54 

660 

38587 

453 

.72974 

257   . 

II4I? 

073   . 

74534 

6 

II 

.  15689  6. 

37374 

.17483 

5.71992 

.19287  5. 

.21104  4. 

73851 

5 

719   . 

36165 

513 

.71013 

317   . 

^l^V 

134   . 

73170 

4 

H 

749   . 

34961 

543 

.70037 

347 
378   . 

.16863 

164   . 

72490 

3 

58 

779   . 

33761 

573 
603 

.69064 

16058 

195   . 

71813 

3 

i2 

809 

32566 

.68094 

408   . 

15256 

225   . 

71137 

z 

.15838  6. 

31375 

.17633 

5.67128 

.19438  5. 

14455 

.2I2SSU 

.n«A^'^» 

\- 
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ran.  1 
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/ 
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4.47986 


."475     . 


.37»7 
.366=5 
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.34879 


4.14685 


.87136  I 
3.66671  I 

■|574S 
.85=84 
.84^14 
3-84364 
.83906 
■83449 
'"537 
12083 

!o!76 

•s, 


3.66796  . 

.66376  . 

1538  '■ 

3-64705  . 

.64J89  ; 

.63874  ; 


.58160 
.57758 
■57357 
■56957 
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.54179     : 
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NATURAL  TANGENTS  AND  COTANGENTS 


M. 


o 

X 

s 
3 

4 

I 

i 

9 
xo 

XX 
19 

13 
«4 

IS 

3X 

aa 

33 
a4 

U 

30 
3X 
3a 

33 
34 

39 

40 
4« 
4« 

43 
44 


16° 
Tan.   Cot. 


i 

004 

895 

927 
958 

.38990 

.•39021 
053 

"Si 

.39147 
179 

210 

243 
374 

.39305 

400 

432 

.29463 


558 
590 

.39631 

^ 

716 

7^8 

843 
875 
906 

.29938 

970 

.30001 


1i 

.30097 

128 

tl 

160 

192 

49 

224 

50 
51 

.30355 
387 

53 

319 

53 
54 

111 

li 

.30414 
440 

57 

478 

5« 

509 

jg 

541 
.30573 

/ 


44951 
44576 

44202 

43839 
43456 
43084 
42713 
42343 
41973 

41604 

41236 
40869 
40502 
40136 

39771 
39406 

39042 
38679 
38317 

37955 

37594 
37234 
36875 
36510 

36158 
35800 

35443 
35087 
34732 
34377 

34023 
33670 
33317 

32965 
32614 

32264 
31914 

31565 
31216 

30868 

30521 
30174 
29829 

29483 
29139 
28795 
28452 
28109 
27767 
37426 
27085 


Cot.   I    Tad, 

73" 


17- 

Tan.   Cot. 


.30^73 

700 

30732 
764 
796 
828 
860 


.30891 
923 
955 

.31019 

.31051 
083 

"5 

178 

.31210 
242 

274 
306 

338 

.31370 

402 

434 
466 

498 

.31530 
562 

594 
626 

658 

.31690 
722 

754 
786 

818 

914 
946 
978 
.32010 
042 

074 
106 

139 

.32171 
203 

235 

267 

299 

.32331 

396 

438 

460 

.32492 


II 


Cot. 


3.27085 

:^ 

36067 

25729 
25392 

25055 
24719 

24383 
24049 

23714 
33381 
33048 
33715 
32384 
22053 
21722 
21392 
21003 

20734 

20406 
20079 

19752 
19426 
19100 

18775 
18451 
18127 

17804 
17481 

17159 
16838 

16517 
16197 

15877 
15558 
15240 
14922 

14605 
14288 

13972 
13656 

13341 
13027 
12713 
12400 
12087 

11775 
11464 

11153 

10842 
10532 
10223 
0991/ 


00298 
08991 
08685 
08379 
08073 
07768 


72 


Tan. 
o 


18' 


Tan. 


Cot. 


Cot. 


\- 


3.07768 

,07464 

,07160 

.06857 

.06554 

06252 

05950 

05649 

05349 

05049 

04749 
04450 
04152 
03854 
03556 
03260 
02963 
02667 
02372 
02077 

01783 
01489 
01196 
00903 
00611 
00319 
00028 
99738 
99447 
99158 

98868 
98580 
98292 
98004 

97717 
97430 

^^ 

96004 
95721 
95437 
95155 
94872 
94591 

94309 
94028 

93748 
93468 

93189 
92910 
92632 

92354 
93076 

91799 
91523 
91246 

90696 
90421 

Tan. 
o 


19' 

Tan.    Cot. 


34433 


.35< 


3.90421 
,00147 

.89873 
,89600 

89327 

,89055 
.88783 

,88511 
,88240 
.87970 

,87700 
.87430 
,87161 
,86892 
,86624 
.86356 
,86089 
,85822 

85555 
.85289 

.85023 

.84758 

,84494 
,84229 

83965 
83703 

.83439 
.83176 

.82914 
.82653 

.82391 
,82130 
.81870 
,81610 

81350 
,81091 
.80833 
.8057A 
.80316 
.80059 

.79802 

.79545 

79289 

,79033 

78778 

78523 
,78269 

,78014 
,77761 

.77507 

77254 
,77002 

76750 
.76498 

76247 
.75996 
.75746 
.75496 
.75246 
.74997^ 


x6 
15 

14 
Z3 
xa 
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7^ 
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NATURAL  TANGENTS  AND  COTANGENTS 


M. 

24° 

as" 

26" 

27« 

> 

r   m 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

60 

•*1g  ' 

.24604 
.24428 

'^11     ' 

! 14288 

.48773  2 

.05030 

.04879 
.04728 

.50953  1 
989 

,96261 
,96120 

593   . 

«27 

.24252 

702 

.14125 

845   i 

.51026 

.95979 

.24077 

737 

.13963 

881 

.04577 

063   . 

.95838 

57 

'4 

662 

.23902 

772 

.13801 

917 

.04426 

099   ■ 

95698 

56 

I 

.44697  2 

.23727 

.46808  2 

.13639 

.48953  2 

04276 

.51136  I. 

95557 

55 

1  : 

.23553 
.23378 

843   . 

.13477 

989 

.04125 

173   . 

95417 

54 

I 

879   . 

. 13316 

.49026 

.03975 

209   . 

95277 

53 

.23204 

914   . 

.13154 

062 

03825 

246   . 

95137 

5a 

9 

837  i 

.23030 

950   . 

.12993 

098   . 

03675 

283   . 

94997 

51 

lo 

.44872  2. 

22857 

.46985  2 

.12832 

.49134  2. 

03526 

.51319  1. 

94858 

50 

IZ 

907  . 

22683 

.47021 

. 12671 

170 

03376 

356   . 

94718 

^ 

ta 

942 

22510 

056 

.12511 

206 

03227 

393   . 

94579 

sa 

977  . 

22337 

092 

.12350 

242 

.03078 

430   . 

94440 

^l 

«4 

.45012 

22164 

128 

.12190 

278   , 

02929 

467 

94301 

46 

\i 

.45047  2. 

21992 

.47163  2 

12030 

.49315  2 

02780 

.51503  1. 

94162 

45 

082 

21819 

199   . 

.11871 

351 

02631 

540 

94023 

44 

S 

117  . 

.21647 

234   . 

11711 

387   . 

.02483 

577   . 

93885 

43 

152 

21475 

270 

11552 

423   . 

.02335 

614   . 

93746 

42 

X9 

187  , 

21304 

305   . 

.11392 

459   . 

02187 

651   . 

93608 

41 

90 

.45222  2. 

21132 

.47341  2. 

11233 

.49495  2. 

.02039 

.51688  1. 

93470 

40 

sz 

257 

.20961 

377 

11075 

532 

.01891 

724   . 

93332 

11 

as 

292   . 

20790 

412 

, 10916 

568 

01743 
.01596 

761 

93195 

as 

327  . 

20619 

448 

.10758 

604 

ig   : 

93057 

37 

M 

362 

20449 
20278 

483   . 

,10600 

640 

01449 

92920 

36 

'A 

.45397  2. 

.47519  2. 

10442 

.49677  2. 

01302 

.  51872  1. 

92782 

35 

1^ . 

.20108 
19938 

555 

.10284 
10126 

713 
749 

0115s 
oiood 

909   . 
946 

92645 
92508 

34 
33 

502   . 

19769 

626 

.09969 

786 

00862 

983   . 

92371 

3a 

99 

538  . 

.19599 

662 

.09811 

822 

.00715 

. 52020 

92235 

31 

30 

.45573  2 

19430 

.47698  2 

.09654 

.49858  2 

.00569 

.52057  1. 

,9209s 

30 

3X 

608 

1926 1 

733   . 

.09498 

894 

.00423 

094 

.91962 
,91826 
.91690 

11 

27 

33 

33 

t^  : 

10092 
18923 

^    . 

.09341 
.09184 

931 
967 

.00277 

00131 

IS  : 

34 

713   . 

18755 

840 

.09028 

.50004  1 

205 

.91554 

a6 

U 

.45748  2 

18587 

.47876  2 

.08872 

.50040  1 

99841 

.52242  I 

91418 

25 

784   . 

18419 

912 

.08716 

076 

99695 

279 

,91282 

24 

IS 

819 

. 18251 

948 

.08560 

X13 

99550 

316 

,91147 

23 

ij  : 

.18084 

984 

.08405 

149 

.99406 

353 

,91012 

aa 

39 

.17916 

.48019 

.08250 

185   . 

99261 

390 

,90876 

az 

40 

.45924  2. 

17749 

.48055  2 

.08094 

.50222  I, 

.99116 

.52427  I 

90741 

ao 

4« 

960   . 

17582 

091 

.07939 

258   . 

464 

,90607 

;i 

4a 

^995   . 

17416 

127 

.07785 

295   . 

.p828 

501 

.90472 

43 

.46030 

17249 

163 
198 

. 07630 

331 

98684 

538   . 

.90337 

17 

44 

065 

17083 

.07476 

368 

98540 

575 

,90203 

x6 

12 

. 46101  2, 

16917 

. 48234  2 

.07321 

.50404  1 

98396 

.52613  I 

15 

136   . 

.i67§i 

270 

.07167 

441 

98253 

650 

.89935 

14 

Ji 

171   . 

16585 

306 

.07014 

477   . 

98110 

687 

.89801 

13 

206 

.16420 

342 

.06860 

514   . 

.97823 

724 

,89667 

la 

49 

242 

. 16255 

378 

,06706 

550   . 

761 

.89533 

xz 

50 

.46277  2 

.16090 

.48414  2 

.06553 

.50587  I 

97681 

■Xe    ' 

,89400 

zo 

5X 

312 

. 15925 

450 

,06400 

623 

.97538 

.89266 

i 

5a 

348 

.15760 

486 

.06247 

660 

.97395 

873 

.89133 

53 

385 

.15596 

521 

.06094 

696   . 

.97253 

910 

.89000 

7 

54 

418 

.15432 

„557 

.05942 

733 

,97111 

947 

.88867 

6 

U 

.46454   2 
489    . 

.15268 

.48593  2 
629 

.05790 

.50769  1 

.96969 

.52985  1 

.88734 

5 

.15104 

.05637 

806 

,96827 

.53022 

.88602 

4 

P 

^5 

.14940 

665   . 

.05485 

843   . 

.96685 

059 

.88469 

3 

560 

. 14777 

701   . 

.05333 

879   . 

.96544 

096 

.88337 

a 

/ 

595 

.14614 

„737 

.05182 

916 

,96402 

134 

.88205 

z 

\ 

.46631  2 

.14451 

.48773  2 

.05030 

.50953  1. 

,96261 

.^i^Rn^X  ^\ 

Cot.  j  ' 

ran. 

/  Cot. 

Tan. 

Cot.  \ 

Tan. 

.  •J^'^-  \  .. 

65" 

/ 

'     64' 

t 

1      63 

0 

> 

\  ^ 

ka^ 

\ 

V 

472 
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Table  60. — Continued 

NATURAL  TANGENTS   AND   COTANGENTS 


U 


39 


49 


.59723 
.59620 

.59517 

59414 

.59311 

.59208 

.59105 


57981 

57879 
.57778 
.57676 

57575 

57474 
.57372 
.57271 
.57170 

57069 

.56868 

.56767 
,56667 

.56566 
.56466 
.56366 

.56165 
.56065 

55966 
,55866 
.55766 
.55666 

.55567 
55467 
.55368 
55269 
.55170 
.55071 

54972 
.54873 
.54774 
.54675 

.54576 

54478 

■54379 
.54281 

.54183 
.5408" 


1.52 


Cot,  I   Tan, 

57° 


33 

Tan.        Cot. 


.^771 

854 
896 

938 
.65980 
.66021 
063 
105 
147 


.66398 

440 

482 

524 
566 

.66608 
650 
692 

734 
776 
.66818 
860 
902 

944 
986 


Cot. 


.53791 
.53693 
.53595 
.53497 
.53400 
.53302 
.53205 
.53107 


.52719 
.52622 

.52525 
.52429 
.52332 
.52235 
.52139 

.52043 
.51946 
,51850 
.51754 
.51658 
51562 
.51466 
.51370 
.51275 
51179 

51084 


50133 
,50038 

.49944 
.49849 
49755 
.49661 
.49566 
.49472 
.49378 
.49284 

,49190 

.49097 
.49003 
.48909 
.48816 
.48722 
.48629 
.48536 
.48442 

.48349 
,48256 


34' 

Tan.   Cot. 


343 
.^86 


X.  48256 

.48163 
.48070 

.47977 
.47885 
1.47792 
.47699 
.47607 

.47514 
.47422 

1.47330 
.47238 
.47146 

.47053 
.46962 

1.46870 
.46778 
.46686 

.46595 
..46503 

1. 4641 1 
.46320 
.46229 

.46137 
.46046 

X.  45955 
.45864 

.45773 
.45682 

.45592 


.44778 
.44688 

1.44598 
.44508 
.44418 
.44329 
.44239 

1.44149 
.44060 

.43970 
.43881 
.43792 

1.43703 
.43614 
.43525 
.43436 


35° 

Tan.   Cot. 


1. 42815 
.42726 
.42638 

.42550 
.42462 

1.42374 
.42286 

.42198 
.42110 
.42022 

I. 41934 
.41047 
.41759 
.41672 

.41584 

1. 41497 
.41409 

.41322 

.41235 
.41148 

1.41061 

.40974 
.40887 

.40800 

.40714 
1.40627 

.40540 
.40454 
.40367 
.40281 

1. 40195 
.40109 

.40022 
.39936 
.39850 
1.39764 
.39679 
.39593 
.39507 
.39421 

1.39336 
.39250 
.39165 
.39079 
.38994 

1.3^ 

i 38738 

.38653 
.38568 

1.38484 
.38399 
.38314 
.38229 

1.38060 
.37976 

.37891 
.37807 
.37722 


Cot.  \  Tan. 


^o\. 


475 


.73100 

IS 


■Xl 


•  IS^i 
1.3SJ04 
.Jilt) 
.32064 


l."75S     , 


-73547 

i 


10637 


344S7 
■34405 


.,!iJ 


:1'3 


.74674 


.77895 


ll^i 


.80498 
546 


..4S 


■■=;s 


.S3663 

i 
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Table  60. — Contirmed 

NATURAL  TANGENTS  AND  COTANGENTS 


M. 

40" 

41° 

42- 

43° 

o 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

Tan. 

Cot. 

.83910 

1. 19175 

.86929 

I. 15037 

.90040 

1.11061 

.93252 

1.07237 

80 

X 

960 

.19105 

«98o 

.14969 

093 

.10996 

306 

.07174 

n 

s 

.84009 

.19035 

.87031 

.14902 
. 14834 
.14707 

146 

!ioi67 

360 

.07112 

3 

?^ 

. 18964 

082 

199 

415 

.07049 

57 

4 

.18894 

1-^3 

251 

.10802 

469 

.06987 

56 

i 

.84158 

I. 18824 

.8718^ 

1.14699 

.90304 

1. 10737 

.93524 

\&l 

S5 

208 

.18754 

. 14632 

357 

.10672 

578 

54 

J 

258 
307 

.18684 
.18614 

338 
389 

•  14565 
.144^ 

410 

463 
516 

.10607 

.10543 
.10478 

k 

.06800 
•°5Z38 

53 

S3 

9 

357 

.18544 

.14430 

742 

.06676 

51 

xo 

.84407 

1. 18474 

.87441 

1. 14363 

•^?§ 

1. 10414 

.93797 

1.06613 

50 

XI 

457 

.18404 

492 

. 14296 

.10349 

852 

:^ 

^i 

xa 

507 

.18334 

543 

.14229 

674 

.10285 

906 

X3 

. 18264 

595 

.14162 

727 

. 10220 

961 

.06427 

47 

X4 

606 

.18194 

S46 

.14095 

940 

.10156 

.94016 

.06365 

46 

17 

.84656 

I. 18125 

.87698 

I. 14028 

r.  10091 

.94071 

1.06303 

45 

706 

.'17986 

IJ? 

.13961 
.13894 

.10027 

125 
180 

.06241 
.06179 

44 
43 

x8 

806 

■.\%t 

852 

. 13828 

993 

.09899 

235 

.06117 

42 

X9 

856 

904 

.13761 

.91046 

.09834 

290 

.06056 

4X 

so 

.84906 

I. 17777 
. 17708 

^87955 

1. 13694 

.91099 

1.09770 

.943+5 

1.05994 

40 

SI 

956 

.88007 

. 13627 

JH 

.09706 

400 

.05932 

11 

sa 

.85006 

. 17638 

059 

.13561 

.09642 

455 

.05870 

as 

057 

.17569 

110 

.13494 

259 

.09578 

510 

.05809 

37 

a4 

107 

.17500 

162 

.13428 

313 

.09514 

565 

.05747 

36 

S 

•85157 

I. 17430 

.88214 

1.13361 

.91366 

1.09450 

.94620 

1.05685 

35 

207 

. 17361 

265 

•  13295 

419 

.09386 

676 

.05624 

34 

.1 

257 

.17292 

317 

. 13228 

tu 

.09322 

731 

.05562 

33 

.  17223 

369 

. 13162 

.09258 

t 

.05501 

3a 

99 

358 

.17154 

421 

.13096 

580 

.09195 

.05439 

31 

30 

.85408 

I. 17085 

.88473 

I. 13029 

•"^ 

I.09I3I 

.94896 

1.05378 

30 

3» 

458 

.17016 

524 

.12963 

.09067 

952 

.05317 

27 

33 
33 

509 
559 

.16947 
.16878 

628 

. 12831 

740 

794 
847 

:^l 

.95007 
062 

.05255 
.05194 

34 

.16809 

680 

.  12765 

.08876 

1   118 

.05133 

a6 

li 

.85660 

I. 16741 

.88732 

1.12699 

.91901 

I. 08813 

.95173 

1.05072 

35 

710 

.16672 

IH 

.12633 
.  12567 

955 
.92008 

.08749 

229 

.05010 

34 

32 

761 

.16603 

836 

.08686 

284 

[04888 

33 

38 

811 

. 16535 

888 

. 12501 

062 

.08622 

340 

39 

39 

862 

.16466 

940 

.12435 

116 

.08559 

395 

.04827 

ax 

40 

.85912 

1. 16398 

.88992 

1. 12369 

.92170 

1.08496 

.95451 

1.04766 

ao 

41 

963 

. 16329 

.89045 

. 12303 

224 

.08432 

506 

.04705 

;i 

4a 

.86014 

. 16261 

097 

. 12238 

277 

.08369 

618 

.04644 

43 

064 

. 16192 

149 

.12172 

331 

.08306 

.04583 

\l 

44 

.86^6^ 

. 1612^ 
1. 16056 

.15987 

201 

.12106 

385 

.08243 

673 

.04522 

Ji 

•89253 
306 

1. 12041 

.92439 

1.08179 

.95729 

I. 04461 

X5 

216 

.11975 

493 

.08116 

841 
897 

.04401 

X4 

JS 

267 
318 

.15919 
.15851 

358 
410 

.11Q09 
.11844 

^l 

.08053 
.07990 

.04340 
.04279 

X3 
xa 

49 

368 

.15783 

463 

.11778 

655 

.07927 

952 

.04218 

IX 

50 

.86419 

I. 15715 

.89515 

I. 11713 

.92709 

1.07864 

.96008 

1.04158 

10 

51 

470 

.15647 

567 

.11648 

763 

.07801 

064 

.04097 

1 

5a 

521 

.15579 

620 

.11582 

817 

.07738 

120 

.04036 

53 

572 

•1551 I 

672 

.11517 

^U 

.07676 

176 

.03976 

I 

54 

r.}^^ 

.15443 

725 

.11452 

926 

.07613 

232 

.03915 

P 

.86674 

1- 15375 

.89777 

1.11387 

.92980 

1.07550 

.96288 

1.03855 

S 

725 

. 15308 

!§° 

.11321 

.93034 

.07487 

344 

.03794 

4 

5J 

878 

. 15240 

883 

.11256 

088 

.07425 

400 

.03734 

3 

58 

•  15172 

935 

.11191 

143 

.07362 

457 

.03674 

a 

E 

. 15104 

988 

.11126 

197 

.07299 

-513 

.03613 

I  ^ 

.86929 

1. 15037 

.90040 

Cot. 

I. 11061 

.93252 

1.072^1 

\  Tan. 

u 

Cot,  1 

Tan. 

Tan. 

Cot. 

4i 

^^     J 

4 

8*^ 

1 

^r 

\     '" 

«,^- 

> 

417 
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NAT 

ITIIA 

I.  TANOBNTS  AND 

<»IA»Ot»™ 

M 

44° 

M. 

44° 

M 

44' 

Tm. 

Cot. 

Tan. 

Col. 

T«n.    1    Cot. 

"'I 

ss 

Co 

~ 

■"g 

'3 

s 

40 
43 

.96843 
958 

, 

s;s 

ii 

TiS 

57 

870 

-«\f 

37 

.990.6 

'7 

j 

.96^^ 

Ifl'^ 

S6 

a| 

-^ 

I ! 02057 

3fi 
35 

44 

If 

, 

as 

"5 

t 

03192 

M 

ai 

.^a«. 

.0=998 

ooeiB 

I 

sS 

0313a 

n 

098 

:o;g 

" 

s 

00701 

« 

■"^ 

ojpia 

39 

113 

31 

49 

^ 

m,. 

II 

■"3 

s 

3t 

1.0176. 

so 

11 

so 

St 

' 

^3 
31 

1 

■4 

J59 

"7 13 

s 

M 

.499 

.01383 

11 

i3 

J 

s 

'A 

.97  16 

01653 

S 

.9B556 

■;:iB 

M 

1^ 

88fl 

' 

00233 

^ 

i 

02533 

^ 

S 

;i 

:"a 

S! 

|i 

ZWl 

7S6 

S 

OD05B 

» 

*o 

.58843 

1.1.1170 

T... 

Cot. 

Tbd. 

45° 

M. 

43° 

M. 

45° 

M. 
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NATURAL   VEE18BD  SINES   AND   EXTERNAL 
BBCANTS 


EiHC.      Vers.     EiHC.      Verm.     Eihc.  ,   Vi 


•'I  -"'i 


.ta\%T\  .am\\ 


u. 

V.,.  *° 

5° 

6- 

7= 

u 

Ver.. 

ElMC. 

Ver.. 

E1..CC. 

Ver.. 

■"i 

.otni4 

.n.33. 

.00382 

.00548 

00551 

00745 

«7S1 

~ 

^B 

1 

1 

^** 

749 

"1 

J 

3I 

¥ 

s 

3 

■"ii 

'57 

■«i 

.00395 

■"1 

■"S 

■"!§ 

.00769 

1 

g 

^^ 

398 

400 

^?^ 

5 

ii 

I 

=63 

4°4 

405 

I76 

579 

?^ 

9' 

■-3 

.00^5 

.00406 
409 

.0=408 

"ssl 

.t05|j 

■"?; 

.00737 

" 

f? 

=4 

"'i 

SB5 

7S9 

.00=75 

.J 

414 
.00410 

41S 

5S8 
■  0CW4 

.JJ 

,^ 

ooi 

'§ 

s 

598 

601 

to3 

ifi 

\l 

S 

s 

4^ 

&4 

1 

K 

i 

li 

>9 

J&, 

^ 

607 

814 

>9 

- 

.OOI96 

3§S 

■-a 

■"^ 

■"^i 

■"*;° 

■"ii 

■"!« 

■«f^ 

«i 

>9» 

43B 

6j7 

9'5 

832 

■a 

391 

S 

Ji 

.J2 
630 

624 

6!7 

829 
833 

14^^ 

14 

:: 

■"^ 

.00298 

4*9 

45' 

.006 JO 
634 

-"*37 

■"Ut 

3 

s 

301 

3 

302 

452 

4S7 

§ 

6,17 
640 

& 

tf^ 

a 

»9 

460 

640 

644 

85" 

859 

30 

.(»3°8 

..00460 

.00463 

■"? 

.00647 

-00856 

.00863 

3" 

3|i 

3" 

s 

465 

65S 

867 

31 

3'J 

46S 

649 

31 

34 

.OOJSO 

3" 

316 

Is 

469 

."174 
477 

-"ii 

■1.1 

■"S; 

4 

•1 

1 

S 

S 

480 

482 

666 

671 

8B> 

3J9 

358 

& 

ja 

669 
673 

677 

886 

S90 

S 

4° 

.00489 

.00676 

.00894 

40 

6S0 

684 

898 

906 

41 

43 

aid 

340 

497 

^ 

68^ 

688 
691 

906 

*" 

i 

■1 

■-i 

5™ 

■"1 

.00506 

690 

.00693 

697 

..|l 

9^8 

44 

s 

318 
351 

331 

5|3 

5" 
515 

700 

1 

tn 

934 

S 

49 

353 

518 

938 

49 

.00156 

.00715 

-00933 

si 

■£ 

■  1^ 

=1 
24 

5'? 

714 

946 

l» 

» 

363 

364 

9S4 

SI 

••1! 

367 
.00369 

'"1 

-i 

"f 

00'*° 

It! 

•"1 

1 

/ 

4 

J?/ 

374 

.J 

.J 

J 

1 

\    ■'^^' 

975 

M 

a 

= 

9 

0 

10° 

M. 

Vera. 

EXHC. 

Exuc. 

Verm. 

Eauc. 

Vera. 

E»»=c. 

977 

.00983 
9S7 

■"Ijfi 

..,.,; 

■"'t'l 

■■? 

.01837 
S43 

.0.87^ 

877 

7 

^l 

99" 

240 

1 

5*1 

B4S 

a54 

^1 

3 

^ 

165 

B60 

^895 

} 

■00994 

.01004 

.01569 

.0.SS5 

i 

6 

■W8 

odB 

1 

87. 

■"'^rf 

6 

I 

oil 

:s 

5^ 

585 

'£ 

?;i 

i 

9 

jSg 

565 

" 

'li! 

.DIM4 

"1 

■"3 

.01570 

'"l 

■"b^ 

■"'g^ 

" 

03I 

^ 

IS 

01  1^ 

5S6 
.o.i^ 

611 

. 019^1 

.oigs'j 

li 

Sa 

^3 

"m 

^0 

2J 
J7 

601 

6^7 

1 

S*5 

'2 

^? 

S 

3|4 

si? 

944 

i 

18 

■-^ 

.01067 

.0I14i 

.016J2 

.01S49 

.0.989 

346 

SI7 

6M 

9.S6 

Sj 

064 
069 

i 

g^ 

J56 

631 

1 

""^j 

n 

«4 

084 

..,^ 

643 

670 

«ol^ 

s 

■-'1 

.0.0*9 

.0-3S4 

.0164S 
653 

.o.|6 

■"'^ 

s 

n 

37* 

655 

'I 

s8 

36= 

3S1 

664 

I^J 

W6 

iS 

•9 

367 

3S6 

669 
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S 

4S 

!i 
8 

49 

JO 

1 
p 

V 
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SECANTS 


SI 


TM 


■'X 


ccn\ 


7S385 


"In 


:3 


.84956 

-96973 


V3»49 


li 


.11764 


.7«i55 


■'^n^ 


^^ 


.36S39 
.37^ 


3;7|7^5 

.80316 
3.S097I  \ 


,81776 
805 


51337  ; 

-53»*f  ; 

. 53958  : 

-J83J  ; 


.S1349 
377 

8^491 

i 


■  749»9 


036 
.83065 


.89497 
■90495 
.91496 


■=6425 
7' 30388 


: 44566 

.466JI 


.01702 


.5=835 


■155^7 
5.i6«07 
.17700 

:g 
';3 

.36590 

=33 


:3; 

.78,67 


■.s 


3 


.B78il\  T.'oBb'Xj 


i  .«^Wl\*-1**>'^l\ 
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NATURAL   VERSED   SINES   AND    EXTERNAL 

SECANTS 


M. 

84° 

8s<> 

86° 

M. 

Vers. 

Ex  sec. 

Vers. 

Exsec. 

Vers. 

Exsec. 

0 

o 

.89547 

8.56677 

.V1284 

10.47371 

■ 
.93024 

13.33559 

X 

576 

.59332 

313 

.5"99 

.  053 

.39547 

I 

a 

605 

.62002 

342 

.55052 

082 

3 

3 

634 

.64687 

371 

.58932 

III 

.51676 

3 

4 

663 

.67387 

400 

.62837 

140 

.57817 

4 

i 

.89692 

8. 70103 

.91429 

10.66769 

.93169 

13.64011 

i 

721 

.72833 

.70728 

.70258 

\ 

9 

750 

.75579 

487 

.74714 

227 

.76558 

I 

9 

m 

.78341 
.81119 

516 
545 

[82768 

257 
286 

.82913 
.89323 

zo 

.89836 

8. 83912 

.91574 

10. 86837 

•93315 

13.95788 

zo 

zz 

§^5 

.86722 

603 

.90934 

344 

14.02310 

zz 

za 

894 

.89547 

632 

.95060 

373 

.08890 

za 

X3 

923 

.92389 

661 

.99214 

402 

.15527 

Z3 

M 

952 

.95248 

690 

11.03397 

431 

. 22223 

14 

M 

.89981 

8.98123 

.91719 

11.07610 

.93460 

14.28979 

^1 

.90010 

9. 01015 

748 

.  1 1852 

489 

.35795 

% 

039 

.03923 
.06849 

m 

.i6i25 
.20427 

518 
547 

.42672 
.49611 

;i 

19 

097 

.09792 

835 

.24761 

576 

.56613 

X9 

ao 

.90126 

9- 12752 

.91864 

11.29125 

.93605 

14.63679 

ao 

az 

155 

. 15730 

893 

.33521 

634 

•   . 70810 

az 

aa 

184 

.18725 

922 

.37948 

663 

.78005 

aa 

as 

213 

. 21739 

951 

.42408 

692 

.85268 

aa 

84 

242 

.24770 

980 

.46900 

721 

.92597 

a4 

^1 

.90271 

9. 27819 

.92009 

11.51424 

.93750 

14.99995 

% 

300 

.30887 

038 

.55981 

m 

15.07462 

*2 

329 

.33973 

067 

.60572 

.14999 

% 

as 

•    358 

.37077 

096 

.65197 

837 

.22607 

ag 

386 

.40201 

125 

.69856 

866 

.30287 

ag 

30 

.90415 

9-43343 

.92154 

11.74549 

.93895 

15.38041 

30 

31 

444 

.46505 

183 

.79278 
.84042 

924 

.45869 

31 

3a 

473 

■.'^ 

212 

953 

.53772 

aa 

33 

502 

241 

.88841 

982 

.61751 

33 

34 

531 

.56106 

270 

.93677 

.94011 

.69808 

34 

H 

.90560 

9-59346 

.92299 

11.98549 

.94040 

15.77944 

li 

589 

.62605 

328 

12.03458 

069 

.86159 

37 

618 

.65885 
.69186 

357 

.08404 

098 

•94456 

li 

38 

647 

386 

.13388 
.18411 

127 

16.02835 

39 

676 

.72507 

415 

156 

.11297 

39 

40 

.90705 

9-  75849 

.92444 

12.23472 

.94186 

•   16.  I984| 

40 

41 

734 

.79212 

473 

. 28572 

215 

4X 

4a 

763 

.82596 

502 

.33712 

244 

.37196 

42 

43 

792 

.86001 

531 

.38891 

273 

.46005 

43 

44 

821 

.89428 

560 

.44112 

302 

16.63893 

44 

*l 

.90850 

9.92877 

.92589 

12.49373 

.94331 

% 

46 

879 

.96348 

618 

.54676 

360 

-729/5 

^l 

908 

.99841 

647 

.60021 

389 

.8215a 

% 

48 

937 

10.03356 

676 

.65408 

418 

.91424 

49 

966 

.06894  1 

1 

705 

.70838 

447 

17.00794 

49 

50 

.90995 

10. 10455 

.92734 

12.76311 

.94476 

17. 1026a 

50 

51 

.91024 

.  14039 

763 

.81829 

505 

.19830 

51 

52 

053 

.17646  . 

792 

.87391 

534 

.29500 

52 

53 

082 

.21277  1 

821 

.92999 

563 

.39274 

53 

54 

III 

.24932 

850 

.98651 

592 

.49153 

54 

55 

'911^0 

10. 28610 

.92879 

13-04350 

.94621 

17.59139 

II 

56 

169 

.32313 

90S 

.10096 

650 

.69233 
.79438 

J  57 

197 

.36040 

937 

.15889 

679 

S7 

/5^/ 

226 

.39792 

966 

.21730 

708 

sa 

/^/ 

255 

.43569 

995 

\     '^^L 

18.001^ 

*/ 

.91284  I 

10.47371 

.93024 

\    \%.\Cfl-1,1 

&00 
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\> 


M. 


o 

X 
9 

3 

4 


I 


zo 
zx 

IS 

13 
X4 

20 
2X 
33 
23 

a4 

39 

30 

31 
33 

33 
34 

P 
li 

39 

40 
41 
4a 
43 
44 

Ji 
% 

49 

50 
5X 
5a 
53 
54 

P 

59, 

LI' 


SECANTS 


Vers. 


87' 


.94766 
795 
825 
854 
883 

.94912 
941 

970 

999 
.95028 

.95057 
086 

"5 

144 

173 
.95202 

231 

260 

289 

318 

.95347 

377 
406 

435 
464 

.95493 
522 

551 
580 
609 

.95638 
667 
696 

725 
7M 
.95783 
812 
841 
871 
900 

.95929 
958 
987 

.96016 

045 
.96074 

103 

132 

161 

190 

.96219 
248 
277 

307 
336 
.96365 
394 
423 
.452 

4^1 
,96510 


Exsec. 


18. 10732 

.21397 
.32182 

.43088 

.54119 
18. 65275 

.76560 

.87976 

.99524 
19. 11207 

19. 23028 
.34989 
.47093 
.59341 
. 71737 

19.84283 
.96982 

20. 09838 
. 22852 
.36027 

20.49368 
.62876 

.76555 

.90409 

21.04440 

21. 18653 

.33050 

.47635 
.62413 

•77386 

21.92559 
22.07935 

. 23520 

.39316 

.55329 
22.71563 

.88022 
23.04712 

.  21637 

.38802 

23.56212 

.  73873 
.91790 

24.09969 

. 28414 

24.47134 
.66132 

.85417 

25. 04994 

.24869 

25. 45051 

•65545 
.86360 

26. 07503 

.28981 

26.50804 

.72978 
.95512 

27. 18417 
.41700 

27.6537J 


88' 


Vers. 


.96510 

539 
568 

597 
626 

.96655 
684 

714 

743 
772 

.96801 
830 

859 
888 

917 

.96946 

975 
.97004 

033 
062 

.97092 

121 

150 

179 
208 

.97237 

266 

295 
324 
353 

.97382 
411 
440 
470 

499 
.97528 

557 
586 

644 

.97673 
702 

731 
760 

789 

.97819 
848 

877 
906 

935 

.97964 

993 

.98022 

051 
080 

.98109 

138 
168 

197 
226 

.98255 


Exsec. 


27.65371 
.89440 

28. 13917 
.38812 

.64137 
28.89903 
29. 10120 
.42803 
.69960 
.97607 

30.25758 
.54425 
.83623 

31. 13366 
.43671 

31.74554 

32. 06030 
.38118 
.70835 

33.04199 

33. 38232 

.72951 
34.08380 

.44539 
.81452 

35. 19141 

.57633 

•96953 
36.37127 

.78185 

37. 20155 

.63068 

38.06957 

. 51855 

.97797 
39.44820 

.92963 
40.42266 

. 92772 

41.44525 

41.97571 
42.51961 

43.07746 
.64980 

44.23719 
44. 84026 

45.45963 
46.09596 

.74997 
47.42241 

48. I 1406 
.82576 
49- 55840 
50.31290 
51.09027 
51.89156 
52.71790 
53. 57046 
54.45053 
55.359A^ 
56.29^ 


Vers. 


89- 


.98255 
284 

313 
342 

371 
.98400 


487 
517 

.98546 

575 
604 

633 
662 

.98691 

720 

749 
778 
807 

.98836 
866 

895 
924 

953 
.98982 
.99011 
040 
069 
098 

.99127 

1^6 

215 

244 

.99273 
302 

331 
360 

389 

.99418 

447 
476 
505 
535 
.99564 

593 
622 

651 


Exsec. 


6io 


.99709 
738 

767 
796 

825 

.99855 
884 

913 

l.OQOQO 


56.29869 
57. 26975 
58. 27431 

59.31411 
60.  39105 
61.50715 
62. 66460 
63.86572 
65. I 1304 

66. 40927 

67. 75736 
69. 16047 
70. 62205 

72. 14583 
73.73586 

75^39655 
7^  13274 
78.94968 
80.85315 
82.84947 

84.94561 
87. 14924 
89. 46886 

91. 91387 
94. 49471 
97. 22303 
00. 1 1 185 

03. 17574 
06.43114 

09.89656 

13.59301 
17. 54440 
21.77803 
26. 32526 
31.22229 
36.51108 
42. 24061 
48. 46837 
55. 26228 
62.70325 

70.88831 

79.93496 

89.98680 

201.22122 

213.85995 
228. 18385 

244.55402 
263. 44269 
285. 47948 
311.52297 

342. 77516 
380.97230 
428. 71873 
490. 10702 
571.95809 
686. 54960 
858.43689 
II44.qtST&. 
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TABLE  02 

ft  ARCS  TO  RADroa  1 


Lenglh 

Deg. 

Length 

2  111MS4 

' 

139U2e3 

171632S 
leiSSGZ 
209430S 


W174B3 
KB0302 
0023271 


0072722  1 

0075G31  ; 

0078540  •■ 

00843S8  ■. 

oas72nfp  ; 

0090175  ; 

ooe3os4  : 


!  04  19  ill"!)    2  0U43051   1 


.0002018 

.0002661; 

.0002715 
.00027(13 
.0002312 
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ACKNOWLEDGMENTS  AND  EXPLANATION  OF 

TABLES 

Table  No.  11  is  taken  from  "  Rules  and  Instructions  for 
the  Government  of  Maintenance  of  Way  Employees," 
Louisville  and  Nashville  Railroad  Company. 

Table  No.  32  is  taken  from  "Track,"  a  publication  by 
the  Railroad  Supply  Company  of  Chicago. 

Tables  No.  33  and  34  are  in  substance  taken  from  the 
standards  of  the  Illinois  Central  Railroad  Company  but 
have  been  extended. 

Tables  No.  38  to  43  inclusive  are  taken  from  the  standards 
of  the  Illinois  Central  Railroad  Company. 

Table  No.  45  is  taken  from  **  Elements  of  Railroad 
Engineering,"  by  William  G.  Raymond. 

Tables  No.  49,  50  and  51  were  illustrated  and  arranged 
for  this  publication  by  Mr.  James  Elmo  Smith,  Instructor  in 
Civil  Engineering  at  the  University  of  Illinois. 

Table  No.  52  is  taken  from  "Engineer's  Field  Book,"  by 
Edward  Butts. 

Table  No.  53  is  also  taken  from  "  Engineer's  Field  Book," 
•but  represents  only  that  portion  of  Mr.  Butts'  comprehen- 
sive curve  tables  that  refers  to  the  lengths  of  arcs  and  tan- 
gents of  a  one-degree  curve. 

.    Tables  No.  54  to  61  inclusive  are  taken  from  "  Field  and 
Office  Tables,"  by  C.  Frank  Allen. 

Table  No.  62  is  taken  from  Trautwine's  "Engineer's 
Pocketbook." 

The  author  wishes  here  to  acknowledge  his  indebtedness 
for  the  permission  to  use  the  above  information,  without 
which  the  tables  of  this  book  must  have  been  incomplete. 
The  remaining  tables  are  original,  or  if  not  original  in  con- 
ception, they  have  at  least  been  originally  computed. 

Explanation  of  Tables 

Table  No.  1  represents  a  few  convenient  conversion  mul- 
tiples that  need  no  explanation. 

Tables  No.  2,  3,  4,  5,  6,  7  and  10  are  arranged  in  the  same 
manner,  and  the  explanation  of  Table  No.  2  will  suffice  to 
make  clear  the  others  referred  to.  Having  the  decimals  of 
an  inch    find  the  two  decimals  in  the  column  of  decim&l^ 
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between  which  the  given  decimal  lies.  In  the  column  of 
inches  that  quantity  between  these  two  tabular  .decimals 
is  the  nearest  64th  of  an  inch  to  the  given  decimal.  If  it  is 
desired  to  reduce  a  fraction  of  an  inch  to  decimals,  take  the 
tabular  decimal  in  the  column  adjacent  to  the  fraction  to 
the  right  of  and  above  it,  and  add  to  it  the  first  decimal  in 
the  first  column  of  decimals. 

Tables  No.  8  and  9.  If  extreme  accuracy  of  computation 
is  desired,  the  decimal  for  the  minutes  may  be  taken  from* 
Table  No.  9  and  for  seconds  from  Table  No.  8,  the  sum  of 
these  two  giving  the  exact  decimal  of  degree  corresponding 
to  the  minutes  and  seconds. 

Table  No.  10.  If  extreme  accuracy  is  not  required,  the 
decimal  of  a  degree  may  be  taken  directly  from  the  table 
with  no  greater  error  than  9  seconds.  As  for  most  track 
work  the  nearest  minute  is  sufficiently  close,  this  table  will 
serve  with  sufficient  accuracy  for  all  such  work,  and  it  is  more 
convenient  than  Tables  No.  8  and  9. 

Table  No.  II  gives  the  mid-ordinate  for  curving  rails.  The 
ordinate  is  given  to  the  nearest  eighth  of  an  inch,  which  is 
deemed  as  close  as  the  average  trackm^-n  will  be  able  to  work. 

Table  No.  12  gives  the  elevation  of  the  outer  rail  on  curves* 
for  curves  from  a  30-minute  to  a  30-degree  curve,  and  for  ve- 
locities from  10  to  60  miles  per  hour.  The  elevation  is  given 
to  the  nearest  eighth  of  an  inch  which  is  deemed  as  close  as 
the  trackman  will  work. 

Table  No.  13  is  for  use  in  widening  gage  on  curves,  and 
is  in  accordance  with  the  recommendations  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Association. 

Table  No.  14  gives  the  properties  of  frogs  and  split  switches 
recommended  by  the  American  Railway  Engineering  and 
Maintenance  of  Way  Association.  The  various  parts  of  the 
frog  and  switch  rail  as  indicated  in  this  table  are  illustrated 
in  Figure  66. 

Table  No.  15  shows  the  theoretical  switch  leads  recom- 
mended by  the  American  Railway  Engineering  and  Main- 
tenance of  Way  Association. 

Table  No.  16  gives  the  practical  switch  leads  recom- 
mended by  the  American  Railway  Engineering  and  Main- 
tenance of  Way  Association,  and  the  various  quantities  of 
this  table  are  illustrated  by  Fig.  66. 
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Tables  No.  17  and  18  give  the  properties  of  frogs  and 
switches,  and  theoretical  and  practical  switch  leads  for  rigid 
and  spring  frogs.  They  have  been  found  to  give  satisfactory 
results  under  the  test  of  service  where  80-lb.  rail  and  lighter 
rails  are  used. 

Table  No.  19  gives  the  co-ordinates  for  locating  parallel 
sidings  with  a  tape  for  frogs  from  No.  4  to  15  inclusive  and 
for  tracks  from  12  to  20  feet  center  to  center,  with  the  rate 
of  chimge  of  the  different  distances  for  A-foot  change  in 
spacing  for  tracks.     This  table  is  illustrated  by  Fig.  39. 

Table  No.  20  gives  the  distance  between  frog  points 
measured  parallel  to  either  of  the  parallel  tracks  for  cross- 
overs between  parallel  tracks,  using  frogs  of  the  same  number 
and  straight  track  between  the  heels  of  the  frogs,  for  frogs 
from  No.  4  to  15  inclusive  and  for  track  centers  varying  by 
six  inches  from  12  feet  to  20  feet  with  the  change  in  the 
frog  distance  for  each  j^-foot  change  in  the  distance  center 
to  center  of  tracks. 

Tables  No.  21  and  22  give  the  frog  distances  measured 
parallel  to  either  of  the  parallel  tracks  for  crossovers  between 
parallel  tracks  using  frogs  of  different  number  and  simple 
curve  tangent  to  the  heels  of  the  frogs,  with  the  rate  of 
change  of  the  frog  distances  for  each  3^-foot  change  in  the 
spacing  of  the  tracks.  These  two  tables  should  be  used 
jointly  to  obtain  the  most  economical  spacings  of  the  frogs, 
Table  No.  22  being  used  where  No.  21  leaves  off,  or  vice 
versa.  These  tables  are  illustrated  by  Figs.  16  and  17, 
respectively. 

Table  No.  23  gives  the  frog  distances  measured  parallel 
to  the  center  of  either  of  the  parallel  tracks  for  crossovers 
between  parallel  tracks,  using  frogs  of  the  same  number 
and  reversed  curve  of  equal  radii  tangent  to  the  heels  of  the 
frogs,  for  frogs  No.  6  to  10  inclusive,  and  for  tracks  spaced 
16  to  60  feet  center  to  center,  with  the  rate  of  change  of  the 
different  parts  for  accurate  interpolation  for  change  in  the 
spacing  center  to  center  of  tracks.  This  table  is  illustrated 
by  Fig.  18. 

Table  No.  24  is  similar  to  No.  23  except  that  frogs  of 
different  number  are  used  and  reversed  curve  of  unequal 
radii  is  used  tangent  to  the  heels  of  the  frog.  This  table 
covers  the  following  combinations  of  frogs,  6-7, 6-8,^-^,^^\^ 
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0-10,  7-8,  7-9,  7-9§,  7-10,  8-9,  8-9i,  and  8-10.    This  table 
is  illustrated  by  Fig.  19. 

Table  No.  25  is  fully  illustrated  by  Fig.  2. 

Table  No.  26  gives  the  location  of  the  frog  point  for  turn- 
outs from  straight  tracks  into  diverging  spur  tracks  for  frogs 
No.  6  to  10  inclusive,  and  for  all  angles  from  the  frog  angle  to 
130  degrees.  In  addition  to  giving  the  location  of  the  frog,  this 
table  gives  all  of  the  important  distances  indicated  in  Fig.  9, 
and  has  various  applications.  The  table  is  computed  on  the 
assumption  that  the  degree  of  the  connecting  curve  tangent  to 
the  heel  of  the  frog  and  to  the  diverging  spur  is  the  same  as  the 
degree  of  the  lead  curve  to  the  nearest  even  degree.  The  dis- 
tance K  from  the  point  to  the  heel  of  the  frog  is  assumed  to  be 
8  feet,  which  will  make  the  table  practicable  for  use  with  the 
great  majority  of  frogs  at  present  in  use  on  the  various  rail- 
roads. The  Table  gives  the  location  of  the  frog  with  reference 
to  the  intersection  of  the  extended  center  line  of  the  spur  track 
with  the  center  line  of  the  track  from  which  the  turnout  is 
taken.  It  also  gives  the  location  of  the  frog  with  respect 
to  the  intersection  of  the  extended  center  line  of  the  spur 
track  and  the  gage  line  of  the  rail  of  the  track  in  which  the 
frog  is  located.  The  table  also  gives  the  tangent  distance 
to  the  connecting  curve,  the  distance  from  the  point  of 
intersection  of  the  center  lines  of  the  spur  and  principal 
track  to  the  P.  I.,  also  the  distance  from  the  point  of  inter- 
section of  the  center  Une  of  the  spur  and  the  gage  line  of  the 
rail  of  the  principal  track  to  the  P.  I.  of  the  connecting 
curve.  So  that  by  its  use,  the  connecting  curve  may  be  run 
in  and  the  frog  located  with  only  one  setting-up  of  the  transit 
on  the  principal  track.  If  offsets  are  taken  to  the  principal 
track,  the  frog  may  be  properly  located  and  the  curve  run 
in  without  setting  up  at  all  on  this  track.  In  the  case  of 
crossovers  between  parallel  tracks,  where  different  numbers 
of  frogs  are  used  with  a  simple  curve  connecting  the  frogs, 
if  it  is  known  that  the  spacing  of  the  tracks  is  such  as  to 
bring  the  location  of  the  frogs  under  the  condition  of  Table 
No.  22,  the  frogs  may  be  conveniently  staked  out  by  refer- 
ence to  Table  No.  26.  Thus,  delta  of  Table  No.  26  will  be 
the  frog  angle  of  the  frog  of  less  number.  With  the  location 
of  either  frog  fixed,  the  procedure  is  evident.  In  case  of 
crossovers  between  parallel  tracks  where  either  the  same  or 
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different  numbers  of  frogs  are  used  with  reversed  curve  of 
equal  or  unequal  radii  tangent  to  the  heels  of  the  frogs,  after 
determining  the  angle  {F  +  <l>),  the  frogs  may  be  located  by 
Table  No.  26,  (F  +  <^)  corresponding  to  the  delta  of  Table 
No.  26. 

Tables  No.  27,  28,  29  and  30  give  bills  of  material  for 
switch  ties  and  crossover  ties.  These  are  based  on  the 
switch  leads  given  in  Tables  No.  17  and  18,  and  where  such 
leads  are  used  are  correct.  For  the  switch  leads  recom- 
mended by  the  American  Railway  Engineering  and  Main- 
tenance of  Way  Association  and  given  in  Table  No.  16,  it 
may  be  necessary  to  make  slight  changes  in  these  tables  of 
switch  and  crossover  ties;  but  for  the  sake  of  preliminary 
estimates  the  tables  are  sufficiently  accurate  even  when  the 
American  Railway  Engineering  and  Maintenance  of  Way 
Association  leads  are  used. 

Table  No.  31  gives  the  width  of  base  of  rail  and  tread  for 
rails  varying  in  weight  from  30  to  100  pounds  per  linear 
yard.  As  the  width  of  base  of  rail  varies  even  for  rail  of  the 
same  weight,  this  table  is  accurate  only  for  the  particular 
section  considered,  but  is  in  general  sufficiently  close  for 
determining  with  what  weight  rail  a  track  is  laid. 

Table  No.  32  gives  the  quantity  of  materials,  rails,  ties 
and  fastenings  necessary  to  lay  respectively  one  inile  and  100 
feet  of  track  with  rails  varying  in  weight  from  50  to  110  pounds 
per  yard.  Also  the  length  and  weight  of  the  angle  bars  con- 
sidered, together  with  the  size  of  track  bolts  and  the  number 
of  bolts  per  keg  of  200  pounds. 

Table  No.  33  gives  the  cubic  yards  of  ballast  per  mile  and 
per  100  feet  for  single  and  double  track  for  depths  of  ballast 
under  the  tie  from  4  to  12  inches,  and  for  different  sizes  and 
spacing  of  ties. 

Table  No.  34  gives  the  area  of  opening  required  for  water- 
ways draining  various  areas  and  for  four  different  slopes  of 
ground. 

Table  No.  35  gives  the  diameter,  thickness  of  shell,  weight 
per  linear  foot  and  weight  per  12-foot  section  of  cast  iron 
culvert  pipe.  The  weights  and  thickness  of  «hell  of  cast  iron 
culvert  pipe  vary  with  the  pressure  the  pipes  are  estimated 
to  withstand.  Therefore,  these  quantities  cannot  be  abso- 
lute; they  are  only  approximate. 
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Table  No.  36  gives  the  dimensions  and  cubic  contents  of 
head  walls  for  cast  iron  pipe  culverts,  with  formulas  for 
determining  the  proper  length  of  pipe  for  fills  of  different 
heights. 

Table  No.  37  gives  the  cubic  contents  per  linear  foot  of 
the  body  of  box  culverts  and  the  cubic  contents  of  the  wing 
walls  with  practical  dimensions  for  the  various  parts  of  the 
culvert.  ^ 

Table  No.  38  gives  the  area  of  openings  of  arch  culverts 
of  radii  varying  from  4  to  20  feet  and  the  cubic  contents 
per  linear  foot  of  the  body  of  the  culverts  with  the  cubic 
contents  for  square-end  walls,  straight-wing  walls  and  30- 
degree  wing  walls. 

Tables  No.  39,  40  and  41  give  the  weights  of  deck  and 
through  plate  girders,  with  the  distance  center  to  center  of 
the  girders,  the  distance  from  base  of  rail  to  low  iron,  and 
from  base  of  rail  to  the  top  of  the  masonry. 

Table  No.  42  consists  of  two  curves  showing  the  approxi- 
mate contents  of  T  and  straight  abutments  for  single  track 
for  various  heights  from  base  of  rail  to  the  ground. 

Table  No.  43  consists  of  six  plates  of  cost  curves,  —  first, 
single  track,  open  deck,  untreated  frame  trestles;  second, 
single  track,  untreated,  open  deck,  four  and  six  pile  trestles; 
third,  single  track,  creosoted,  open  deck,  four  and  six  pile 
trestles;  fourth,  double  track,  open  deck,  untreated  and 
treated  ten  pile  trestles;  fifth,  single  track,  ballast  floor, 
creosoted,  four  and  six  pile  trestles;  sixth,  double  track, 
ballast  floor,  creosoted  ten  pile  trestles. 

Tables  No.  44  and  44A  give  the  amount  and  interest  at 
compound  interest,  capitalization,  annual  cost  and  equiva- 
lent cost  for  rates  of  interest  of  4%  and  5%  and  for  periods 
of  from  5  to  25  years  inclusive.  A  definite  example  may  be 
taken  to  best  explain  the  use  of  these  tables. 

With  interest  rate  for  money  at  5%,  Table  44 A,  — 

(1)  To  find  the  amount,  principal  plus  interest,  at  com- 
pound interest,  of  $1000  for  14  years.  From  colunm 
"  Amount,"  line  14, 

Amount  =  $1000  X  1.98  =  $1980. 

(2)  To  find  the  interest  on  $1000  at  compoimd  interest 
for  14  years.     From  the  column  "  Interest, "  line  14, 

Interest  =  $1000  X  0.98  =  $980. 
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(3)  Given  an  accumulation  of  $1980  at  compound  interest 
at  the  end  of  14  years;  to  find  the  principal  or  present  value. 
From  the  column  "  Amount,"  line  14, 

Present  Value  =  $1980  -5- 1.98  =  $1000. 

(4)  To  find  the  capital  sum  that  at  compound  interest 
for  14  years  will  produce  interest  amounting  to  $980.  From 
the  column  **  Interest,"  line  14, 

Capital  Sum  =  $980  -f-  0.98  =  $1000. 

(5)  To  find  the  total  capitalization  of  a  crosstie  that  costs 
$0.55  in  the  track  and  will  last  7  years.  From  the  column 
"  Capitalization,"  Une  7, 

Capitalization  ==  $0.55  X  3.456  =  $1,901. 

(6)  To  find  the  annual  cost  of  the  tie  given  above.  From 
the  column  "  Annual  Cost,"  line  7, 

Annual  Cost  =  $0.55  X  0.173  =  $0,095. 

(7)  To  find  how  much  may  be  paid  for  a  crosstie  lasting 
16  years  to  show  the  same  economy  as  a  tie  lasting  7  years 
and  costing  $0.55.     From  column  7,  Une  16, 

Equivalent  Cost  =  $0.55  X  1.873  =  $1,030. 

(8)  To  find  how  much  may  be  paid  for  a  tie  lasting  7 
years  to  show  the  same  economy  as  a  tie  lasting  16  years 
and  costing  $1.03.     From  Column  16,  line  7, 

Equivalent  Cost  =  $1.03  X  0.534  =  $0.55. 

(9)  To  find  how  long  a  crosstie  should  last  that  costs  $1.03 

in  order  to  be  as  economical  as  a  tie  that  costs  $0.55  and 

lasts  7  years, 

$1.03  ^  0.55  =  $1,873. 

Under  column  7  the  corresponding  value  is  found  on 
line  16.  Therefore,  the  tie  costing  $1.03  should  last  16 
years  to  be  as  economical  as  the  $0.55  tie  lasting  7  years. 

(10)  To  find  how  long  a  tie  that  costs  $0.55  should  last  in 

order  to  be  as  economical  as  the  tie  costing  $1.03  and  lasting 

16  years, 

$0.55  -f-  1.03  =  $0,534. 

Under  column  16  the  corresponding  value  is  found  on 
line  7.    Therefore,  the  tie  costing  $0.55  should  last  7  ^J^a.\^, 
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(11)  To  compare  the  economy  of  a  tie  costing  $0.90  in  the 
track  and  lasting  5  years  with  a  steel  tie  costing  $2.44  in  the 
track  and  lasting  25  years;  the  steel  tie  weighs  originally  180 
pounds  and  has  remaining  40%  of  its  original  weight  when 
it  is  renewed,  the  scrap  value  of  the  steel  is  $11.00  per  ton, 
and  the  interest  rate  on  money  is  4%. 

From  Table  No.  44,  Column  5,  line  25,  there  may  be 
given  for  a  tie  lasting  25  years, 

$0.9  X  3.509  =  $3,158, 

to  be  of  equivalent  value  to  one  lasting  5  years  and  costing 
$0.90.     There  is  a  salvage  on  the  steel  tie  amounting  to 

(180  -^  2240)  X  (0.40  X  $11)  =  $0,347 

at  the  end  of  25  years.     The  present  value  of  this  salvage  is, 
from  column  "  Amount,"  line  25, 

$0,347  -^  2.666  =  $0.13, 
so  that  the  present  value  of  the  steel  tie  may  be  considered 

$2.44  -  $0.13  =  $2.31. 

The  advantage  of  the  steel  tie  is,  therefore, 

$3,158  -  $2.31  =  $0,848, 
where  tie  for  tie  is  used. 

(12)  In  cases  where  opinion  prevails  that  it  is  necessary  to 
use  20  steel  ties  to  a  33-foot  rail  where  18  wooden  ties  answer 
the  same  purpose,  then  the  advantage  of  the  steel  tie  is 

($3.158  X  18)  -  ($2.31  X  20)       ^_  „,  ^^^  .. 
^?j —  $0.00 1  per  tie. 

Or,  a  steel  tie  lasting  25  years  having  the  salvage  given 
above  would  have  to  cost  more  than  $2.84  before  it  becomes 
less  economical  than  a  wooden  tie  lasting  5  years  and  costing 
$0.90. 

Or,  from  the  table,  column  25,  line  5,  if  the  steel  tie  cost 
$2.31,  then,  with  equal  economy  tie  for  tie,  there  may  be 
given  for  the  five-year  wooden  tie, 

$2.31  X  0.285  =  $0,658. 

Or,  where  20  steel  ties  were  used  to  18  wooden  ties, 

20 
$2.31  X  0.285  X  ^^  =  $0,731. 

That  is  to  say,  the  wooden  tie  lasting  5  years  would  have 
to  cost  leas  than  $0.73  to  be  more  economical  than  the  steel 
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tie  lasting  25  years  and  costing  $2.44  with  the  salvage  as- 
sumed above. 

Table  No.  45  shows  the  velocity  heads  in  feet  for  various 
velocities  in  miles  per  hour.  To  those  faitailiar  with  the 
chapter  on  Rise  and  Fall  in  Wellington's  Economic  Theory 
of  Railway  Location,  or  to  the  treatment  of  this  subject  by 
W.  G.  Raymond  in  his  "Elements  of  Railroad  Engineering," 
this  table  needs  no  explanation.  To  those  who  are  not 
familiar  with  either  reference  given,  or  similar  works,  an 
explanation  would  do  no  good. 

Table  No.  46.  —  General  Geometric  Problems  arranged  and 
illustrated  for  convenient  reference. 

Table  No.  47.  —  General  Trigonometric  Formulae  arranged 
and  illustrated  for  convenient  reference. 

Table  No.  48.  —  General  Properties  of  Triangles. 

Table  No.  49.  —  Simple  Curve  Formulae  —  which  as  illus- 
trated needs  no  further  explanation. 

Table  No.  50.  —  Compound  Curve  Formulae  —  which  as 
illustrated  needs  no  further  explanation. 

Table  No.  51.  —  Reversed  Curve  Formulae  between  par- 
allel tangents  and  intersecting  tangents,  which  as  illustrated 
needs  no  further  explanation. 

Table  No.  52.  —  Radii  of  curves  for  every  minute,  from 
0  to  20  degree  curves. 

Table  No.  53.  —  Tangents  and  Actual  Arcs  of  a  One- 
degree  Curve  for  all  minutes  of  intersection  angle  from  0  to 
90  degrees. 

Table  No.  53A.  —  Corrections  to  be  added  to  the  tangent 
distances. 

Table  No.  54.  —  Logarithms  of  Numbers.  Where  there 
are  more  than  four  significant  figures,  the  table  of  propor- 
tional parts  will  be  found  useful.  The  star  opposite  certain 
logarithms  shows  that  the  two  figures  at  the  left  are  to  be 
taken  from  the  line  below. 

Example,    Required  log  of  6723.46. 

For  left  672  and  top  3  the  logarithm  =  .827563  and  difif. 
=  65. 

Table  of  prop,  parts  65  gives  26  for  4 

4  for  .6 
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the  characteristic  3  being  one  less  than  the  number  of  sig- 
nificant figures  to  the  left  of  the  decimal  point,  in  6723.46. 

Example.    To  find  number  for  log      2.672962. 

Log  of  4709  =    .672929 

33 

DifiF.  =  92;  for  3  prop,  part  =  ;28 

5. 
5  prop,  part  =  4.6 

Number  is  470.935. 

Table  No.  55.  —  Logarithmic  Sines,  Cosines,  Tangents, 
and  Cotangents.  Jn  taking  out  degrees  and  minutes,  use 
the  minutes  at  the  left  with  the  degrees  at  the  left,  whether 
the  degrees  appear  at  top  or  at  bottom  of  page;  use  the 
minutes  at  right  in  a  similar  way  with  the  degrees  at  right. 
Use  headings  for  Sin,  Cos,  Tan,  Cot,  as  given  at  top  with 
the  degrees  shown  at  top  (whether  right  or  left) ;  use  headings 
for  Cos,  Sin,  Tan,  Cot,  as  given  at  bottom  with  the  degrees 
given  at  bottom  (whether  right  or  left).  The  difference  for 
1  second  is  given  for  every  minute,  and  is  to  be  multiplied 
by  the  number  of  seconds  and  the  results  added  or  subtracted. 

For  very  small  angles  up  to  5  degrees,  where  results  pre- 
cise for  the  nearest  second  are  required.  Table  56  should  be 
used. 

Table  No.  56.  —  Auxiliary  Table  for  Logarithmic  Sines 
and  Tangents  of  Small  Angles.  This  table  is  computed 
upon  the  basis  (approximately  true)  that  the  sines  of  small 
angles,  or  the  tangents  of  small  angles,  are  proportional  to 
the  angles  themselves. 

Example,     Required  log  sin  0°  47'  12". 

sin  47'  12"       47'  12" 
inen  — -. — 7=7 —  =  — 7=7 — 

sin  47  47 

sin  47'  12"  =  47'  12"  ^^^'  =  2832"  ^^, 

log  sin      47'   =8.135810 

log         2820"  =  3.450249 

4.685561 
log  2832"  =  3.452093 

log  sin  47'  12"  =  8.137654 

This  auxiliary  table  gives  for  47',  shown  in  the  example 
above,    the  value  of  log  sin  47'  -  log  2820"  =  4.685561  as 
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appears  above,  and  for  each  minute  in  similar  fashion;  the 
number  given  in  the  table,  then,  is  to  be  added  to  the  log 
of  the  required  angle  (given  in  seconds).  It  should  be 
noted  that  the  table  gives  the  value  of  every  minute  in 
seconds.  As  above,  47'  =  2820";  whence  also  47'  12"  = 
2832." 

Example.    Required  angle  whose  log  sin  =  8.325327. 
Log  sin  1®  13'  is  the  nearest  (Table  No.  55). 

Required  log  sin  =  8.325327 

Table  No.  56  (sin)  1**  13'  «  4.685542 

4363"  log  =3.639785 

or  1**  12'  43"  =  required  angle. 

Example.     Required  log  sin  3**  19'  34". 

Table  No.  56,  value  for  3**  19'  (sin)        =  4.685332 

3°  20'  =  4.685330 

Interpolate  tabular  value  for  3**  19'  34"  =  4.685331 

Then  log  1 1974"  =  4.078239 

log  sin  3°  19'  34"  =  8.763570 

Table  No.  57.  —  Logarithmic  Versed  Sines  and  External 

Secants.     No  explanation  appears  necessary. 

Table  No.  58.  —  It  may  be  shown  that  vers  A  =  2  sin*  J  A, 
whence  it  follows  that  for  small  angles  it  is  approximately 
true  that  the  vers  of  angles  are  as  the  squares  of  the  angles 
themselves. 

vers  0°  41' 17"  _  (0"  4r  17")*  _  2477» 
H^xampte.  vers  0°  41'      -      (0°  41')*      "246^ 

versO^  41'  17"  =  2477*  ^^  o>.^l/^'- 

2460* 

The  tabular  number  for  0°  41'  =  log  vers  0**  41'  -  log  2460* 

=  9.070115 

2  log  2477  =  3.393926  X  2      =  6.787852 

log  vers  0**  41'  17"  =  5.857967 

Example.     Required  angle  whose  log  vers  =  6.309065. 
Log  vers  1°  9'  is  the  nearest  (Table  No.  57). 
Required  log  vers  =  6.309065 

Table  No.  58  (vers)  1**  9'   =  9.070105 

7.238960(2 
4164"  log  =  3.619480 

or  1°  09'  24"  =  required  angle. 

Similarly  for  external  secants  of  small  au^ea. 
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For  exsec  of  90**  —  small  angles,  it  may  be  shown  that 

% 

vers -4 


exsec  A  — 
exsec  90*'  -  A  = 


cos -4 
vera  90°  -  A        vera  90°  -  A 


cos  90°  -A  sin  A 

where  sin  A  may  be  taken  from  auxiliary- tables. 

Table  No.  59.  —  Natural  Sines  and  Cosines. 

Table  No.  60.  —  Natural  Tangents  and  Cotangents. 

Use  the  minutes  at  the  left  with  the  degrees  at  the  top, 
and  the  minutes  on  the  right  with  the  degrees  at  the  bottom. 

Table  No.  61.  —  Natural  Veraed  Sines  and  External  Se- 
cants.    This  requires  no  explanation. 

Table  No.  62.  —  Lengths  of  Circular  Arcs  to  Radius  One. 
To  find  the  length  of  arc  for  a  given  angle  and  radius.  From 
the  table  take  out  the  tabular  quantities  corresponding  to 
the  given  degrees,  minutes  and  seconds  of  intersection  angle. 
The  sum  of  these  multiplied  by  the  radius  equals  the  required 
arc. 
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